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PREFACE 


TO  THE  FOURTH  EDITION. 


A NEW  Edition  of  my  Course  of  Qualitative  Chemical  Analysis 
having  become  necessary,  within  two  years  from  the  appearance 
of  the  last  Edition,  I have  again  been  guided  in  the  changes 
which  I have  made  by  the  experience  gained,  during  the  last 
six  years,  of  its  working  with  large  Laboratory  Classes.  The 
Plan  of  the  Book  has  been  left  undisturbed.  The  few  altera- 
tions and  additions  which  the  more  recent  progress  in  Chemical 
Analysis  rendered  necessary,  have  been  carefully  executed ; and 
the  original  purpose  strictly  kept  in  view,  for  which  the  Book 
was  written,  viz.,  to  serve  as  an  Elementary  Text-book  for  large 
Laboratory  Classes. 

The  notation  employed  throughout  is  that  of  Dr.  Erankland. 
An  experience  extending  now  over  a number  of  years,  and 
gained  with  students  of  very  varying  abilities,  has  shown  me 
that  this  notation  greatly  facilitates  the  teaching.  It  complies 
with  the  doctrine  of  Atomicity,  which  may  now  be  said  to  have 
struck  firm  root  in  Chemical  Literature,  and  the  Chemical 
Formulae  of  Inorganic  as  well  as  Organic  Bodies,  wiU  be  found 
expressed  in  accordance  with  this  comprehensive  and  elegant 
Law. 

The  study  of  Chemical  Analysis,  when  properly  conducted, 
introduces  the  student  to  a vast  number  of  changes,  the  veri- 
fication of  which  requires,  in  no  mean  degree,  the  cultivation  of 
habits  of  close  observation  and  exact  reasoning ; and  as  a means 
of  mental  training,  Chemical  Analysis  cannot  fail  to  acquire  a 
foremost  place  in  the  Curriculum  of  a Liberal  Education. 
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Tlie  metliorls  which  1 selected  in  tliis  work  have  stood  the 
test  of  many  years’  practice  nnder  my  own  eyes.  They  are,  I 
believe,  well  adapted  for  promoting  accurate  and  expeditious 
work.  Students  who  apply  themselves  steadfastly  to  the  study 
of  analysis,  usually  get  through  the  course  iu  about  six  months, 
and  have  time  left  to  gain  some  practice  also  in  Quantitative 
Analysis,  during  their  first  year’s  study.  The  foundation  for 
this  latter  In'anch  of  Chemistry  having  been  laid  by  the  Quali- 
tative Course,  they  have,  in  most  cases,  onl}'^  to  acquire  the 
necessary  mani])ulatory  skill  to  conduct  quantitative  operations 
successfully. 

The  reactions  of  the  Hare  Metals  have  been  treated  some- 
what more  fully  than  usual  in  an  Appendix.  The  individuality 
of  the  metals  as  well  as  the  classification  which  nature  itself 
has  traced  out  for  them,  have  been  retained  as  much  as  possible. 
] trust  that  tlie  additions  made  in  this  New  Edition  will  in- 
crease tlie  usefulness  of  the  Hook,  and  vdll  gain  for  it  many  new 
i’riends. 

The  Analytical  Tables  are  published  also  in  a separate  and 
all  but  indestructible  form,  ])rinted  on  Messrs.  l)e  la  Hue’s 
])archment  paper. 

ScTKNCE  Schools, 

SoTTii  Kensinoton, 

Spptemhi’r  SO///,  187G. 


PREFACE 


TO  THE  FIFTH  EDITION. 


The  Fourth  Edition  of  niy  lamented  teacher  and  predecessor’s 
“ Course  of  Qualitative  Analysis  ” having  run  out  of  print,  I 
have,  though  with  considerable  diffidence,  iindertaken  the  revi- 
sion of  a New  Edition. 

After  having  stood  such  a long  and  successful  test  of  prac- 
tical experience  in  these  laboratories,  it  was  not  found  desirable 
to  make  any  extensive  alteration  in  the  style  or  plan  of  the 
book,  for  although  Chemistry  as  a science  enlarges  its  bounds 
and  dominion  very  rapidly,  especially  Synthetic  Chemistry,  the 
road  for  a beginner  must,  to  a certain  stage,  at  which  he  should 
have  a clear  view  of  the  gi'ound  gone  over,  and  the  reason  of  the 
processes  employed,  remain  the  same. 

The  alterations  and  additions  in  the  present  Edition  are 
such  as  have  been  suggested  by  experience  with  large  classes  in 
Practical  Chemistry,  since  the  date  of  the  last  one,  and  it  is 
hoped  will  add  to  its  utility,  and  secure  it  a still  wider  appre- 
ciation. 

Thg  Tables  for  Qualitative  Analysis  are  also  published  sepa- 
rately, as  before,  on  parchment  paper. 

Science  Schools, 

South  Kensington, 

April,  1880. 
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Chapter  I. 

DEFINITION  OF  QUALITATIVE  ANALYSIS.— RE- 
AGENTS. — CHEMICAL  OPERATIONS.  — GROUP- 
REAGENTS  AND  SPECIAL  REAGENTS. 

Chemical  analysis  consists  in  the  performance  of  certain  experi- 
ments : — with  the  object  of  putting,  so  to  speak,  questions  to  a 
substance,  in  order  to  ascertain  the  presence  or  absence  of  certain 
bodies.  It  is  termed  qualitative  analysis,  if  the  answer  which  is 
received  reveals  merely  what  land  of  matter  is  present,  without 
regard  to  quantity.  It  is  essential  that  these  questions  should  not 
be  put  at  random,  but  according  to  a well-considered  systematic 
order ; and  that  the  answers  should  be  interpreted  correctly. 

There  exists  a resemblance  between  certain  elementary  as  well 
as  certain  compound  bodies  ; at  the  same  time  the  metallic,  like  the 
non-metallic  elements,  bear  the  stamp  of  a marked  individuality 
which  renders  every  classification,  from  whatever  point  of  view  we 
attempt  it,  more  or  less  difficult — a difficulty  which  extends  likewise 
to  the  various  compounds  which  the  elements  form.  Thus  silver, 
which  is  classified  with  the  monad  metals  potassium  and  sodium, 
differs  in  a marked  manner  from  the  alkali  metals.  Iron,  which 
exists  in  the  dyad  form  in  FeCh  (ferrous  chloride),  and  in  the 

f FeCl  ^ 

tetrad  condition  in  < jiqqj^  (ferric  chloride),  partakes  in  the  dyad 

form  of  the  character  of  the  isomorphous  diatomic  metals  of  the 
magnesium  group,  e.y.,  manganese-  and  zinc,  and  resembles  in  the 
tetrad  form  aluminium  and  chrominm.  Copper,  which  in  its  cupric 
compounds  offers  certain  points  of  resemblance  to  the  ma«>'nesium 
group,  resembles  also  in  many  respects  the  metals  of  the  mercury 
group  ;*  the  general  composition  of  the  cuprous  and  mercurous  and 
the  cupric  and  mercuric  oxides  and  chlorides  being  the  same. 
Inorganic  (as  well  as  organic)  compound  bodies  bear,  for  the  most 
part,  the_  impress  of  the  elementary  bodies  which  enter  into  their 
composition  ; and  compounds  built  up  of  elements  which  have  equal 
numbers  of  bonds,  frequently  show  a certain  analogy  in  their  struc- 
ture as  well  as  a considerable  similarity  in  their  reactions.  In 

* II-  Wurtz,  Le9ons  clc  Pliilosophie  cliimique,  p.  170. 
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REAGENTS.  CHEMICAL  OPERATIONS. 


studying  the  chemical  changes  to  which  the  various  bodies — elemen- 
tary or  compound — can  be  submitted,  our  attention  must  he  mainly 
directed  towards  discovering  and  defining  this  similarity  and  dis- 
similarity. 

Reagents  are  employed  as  the  means  of  producing  chemical 
changes.  By  reagents  are  meant  bodies — either  elementary  or 
compound — which  are  capable  of  reacting  u23on  and  revealing  to  us 
the  nature  of  the  substances  under  examination.  They  are  usually 
divided,  without  any  strict  line  of  demarcation,  into  two  classes, 
viz.,  general  and  sj^ecial  reagents.  General  reagents  are  those  which 
separate  a nirmber  of  substances — groups  in  fact — at  one  operation  ; 
and  special  reagents  those  which  ai’e  used  to  a limited  extent  only, 
and  for  the  detection  of  individual  substances. 

In  a laboratory  the  general  reagents  are  most  conveniently 
arranged  over  the  working  table  within  reach  of  each  oj)erator ; 
whilst  the  special  reagents  intended  for  the  use  of  a number  of 
chemical  students,  are  usually  jilaced  in  a freely  accessible  part  of 
the  laboratory. 

A li.st  of  reagents,  as  well  as  directions  for  their  preparation, 
will  bo  found  in  an  Aiipendix.  Chemical  students  avIio  have  not 
the  advantage  of  working  in  a well-appointed  laboratory,  should 
devote  much  attention  and  care  to  the  preparation  of  the  reagents. 

Clicinical  Opcrntioiis. — A rcas'eiit 
l.s  ailileil  to  a solution  of  an  unlviiown 
body  either  by  pouring  it  directly  from  the 
bottle  or  by  running  it  from  a pipette,  as 
shown  in  Eig.  1,  with  the  view  of  producing 
a preelpitatc,  i.e.,  of  converting  the  body 
from  the  soluble  to  the  insoluble  state.  The 
reaction  which  takes  place  is  mostly  a change 
hy  double  decomposition.  Sometimes  a pre- 
cipitation is  produced  by  voltaic  action, 
sometimes  merely  by  the  substitution  of 
one  solvent  for  another.  One  or  more 
bodies  may  be  precipitated  by  one  and  the 
same  reagent.  As  most  precipitates  are 
heavier  than  the  liquid  in  which  they  are 
suspended,  they  fall  to  the  bottom  with 
more  or  less  rapidity;  and  the  supernatant 
liquid  may  often  be  poured  off  or  tlecantccl, 
without  much  disturbing  the  precipitate. 
This  mode  of  separating  fluids  from  preci- 
pitates is  by  far  the  most  expeditious,  and 
should  be  resorted  to  whenever  it  is  appli- 
cable. The  precipitate  may  be  washed  in 
the  vessel  itself  by  treatment  with  hot  water 
and  repeated  decantation. 

Wlicn  a largo  quantity  of  a fluid  has  to 
be  removed  from  a precipitate,  it  is  best 
to  .slpluui  ofl'  the  supernatant  fluid.  Tlie 
])recipitate  may  be  washed  with  water,  and 
the  wasli-water  siphoned  olT  repeatedly. 

Small  quantities  of  a proci])itato  which 
do  not  subside  readily  arc  inoro  quickly 
separated  by  nitriitloii.  For  this  purpose 
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funnels  are  used,  mostly  of  glass,  conical  in  shape,  and  inclined  at  an  angle  of  60°. 
They  may  be  conveniently  supported  on  a wooden  stand.  Fig.  2,  or  an  iron  or  brass 
Tiltcrlii!;  stand  as  seen  in  Fig.  3.  The  filterlngr  paper  should  be  porous  and 
unsized,  and  cut  in  the  form  of  a round  sheet,  which  by  being  folded  twice  in 
the  shape  of  a quadrant,  forms,  on  opening  up,  a paper  cone,  at  an  angle  of 
60°.  The  niter  should  exactly  fit  the  funnel,  without  reaching  quite  to  the 
rim,  and  should  be  moistened  in  the  funnel  with  distilled  water  before  any 
liquid  is  poured  through  it.  As  most  kinds  of  filtering  paper  contain  traces  of 
iron,  lime,  silica,  etc., — with  the  exception  of  the  so-called  Swedish  filtering 
paper,  which  contains  scarcely  perceptible  traces  of  mineral  substances, — acid 
liquids  frequently  dissolve  out  traces  of  these  bodies.  In  aU  accurate  analyses  the 
filtering  paper  should,  on  this  account,  be  washed  first  with  dilute  hydrochloric 
or  nitric  acid,  and  then  with  hot  water,  before  being  used  ; or  else  Swedish  filter 
paper  only  should  be  employed. 

Most  precipitates  retain  with  great  pertinacity  traces  of  the  fluid  in  which 
they  were  suspended,  and  it  is  therefore  of  the  utmost  importance  to  thoroughly 
wash  them  in  order  to  obtain  accurate 
results.  For  this  purpose  a wasli-bottle 
(Fig.  3)  is  employed,  whereby  a fine  jet 
of  hot  or  cold  distilled  water  can  be  di- 
rected on  to  the  filter  in  such  a manner  as 
to  loosen  and  detach  the  precipitate  from 
the  paper.  The  liquid  should  at  no  time 
quite  fill  the  filter,  as  some  precipitates 
have  a tendency  to  creep  up  and  to  get 
between  the  paper  and  the  glass,  and  are 
carried  into  the  filtrate.  This  would 
entail  repeated  filtration.  The  washing 
of  a precipitate  on  the  filter  is  effected 
most  rapidly  by  allowing  the  wash-water 
to  run  off  entirely  each  time  before  adding 
fresh  quantities  of  distilled  water.  By  re- 
peating this  four  or  five  times,  most  pre- 
cipitates wfll  be  found  sufficiently  washed 
for  quahtative  piuqjoses. 

The  student  should  guard  himself  against  using  too  large  a quantity  of  the 
substance  which  he  mshes  to  examine.  Heavy  precipitates  entail  much  washing, 
an  operation  which  is  most  tedious  and  yet  indispensable. 

Te.st-culies  answer  the  purpose  of  precipitation  and  separation  in  qualita- 
tive anaB  sis,  especially  as  there  is  generallyno  need  for  collecting  the  wash- water 
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or  adding  it  to  the  main  filtrate.  These  tubes  are  conveniently  placed  in  a tcst- 
tulie  stand  (Pig.  4).  After  being  well  cleansed  by  the  aid  of  a test-tube 
brush,  and  rinsed  out  with  distilled  water,  they  should  be  set  aside  to  drain  in  a 
basket. 

Beakers  are  sometimes  employed  if  an  analysis  involves  the  separation  of  a 
small  quantity  of  one  substance  from  a large  amount  of  another,  and  when,  of 
necessity,  large  quantities  of  the  substance  miist  be  operated  upon. 

Poreelalii  dislies  are  employed  for  the  purpose  of  concentration,  or  evapora- 
They  can  be  lieated  either  by  means  of  a spirit  lamp 
(Fig.  5),  or  by  means  of  a Bunsen  gas  lamp,  pro- 
vided with  a rose  top.  Sometimes  a sheet  of  iron  wire 
gauze  or  a sand-bath  is  interposed  between  the  porce- 
lain vessel  and  the  gas  flame,  and  is  supported  on  a re- 
tort ring,  or  tripod  stand.  Illustrations  of  convenient 
tripod  supports  for  porcelain  and  glass  vessels,  which 
prevent  at  the  same  time  the  flame  from  being  blown 
about,  have  been  given  in  the  “ Introduction  to  Inor- 
ganic Chemistry.” 

If  solid  substances  have  to  bo  examined,  they  should  always  be  powUcrc«l 
in  a mortar — an  agate  mortar  should  be  employed  for  hard  substances,  such  as 
minerals — before  being  dissolved  in  water,  acids,  &c. 

Kcactions  involving  the  use  of  valuable  reagents — such  as  salts  of  gold, 
platinum,  silver — should  be  performed  on  watcli-glasses,  with  small  quantities 
of  the  substance  only. 

For  the  Ignition  of  precipitates  porcelain  crucibles,  or  small  porcelain  dishes 
are  used. 

A knowledge  of  qualitative  analysis  enables  us — 

1.  To  recognise  with  speed  and  certainty  the  presence  of  various 
elementary  and  compound  bodies. 

2.  To  effect  their  separation  from  each  other. 

In  order  to  aecomplisb  this  we  shall  study  more  particularly 
those  chemical  reactions — both  in  the  dry  and  in  the  wet  way 
which  are  essential ; but  shall  endeavour,  at  the  same  time,  to  give 
as  complete  a view  as  possible  of  other  chemical  changes  which 
serve  the  purposes  of  qualitative  analysis,  and  which  on  this  and 
other  grounds  possess  considerable  interest. 

It  is  for  many  reasons  desirable  to  confine  the  laboratory  course 
at  first  to  the  study  of  the  more  important  elements  and  their  coni- 
pounds ; we  shall,  however,  treat  of  the  rarer  elements  and  their 
compounds  in  an  Appendix. 

There  are  certain  reagents  which  effect  the  separation  of  a 
number  of  bodies  contained  in  a common  solution,  leaving  all  the 
others  in  solution.  Such  general  reagents  are  then  called  group- 
reagents. 

Dissolve  in  water  small  quantities  of 

Argentic  nitrate* 

Cupric  nitrate. 

Cobaltic  ,, 

Baric  ,, 

Potassic  „ 


* Solutions  of  salts  of  the  different  metals  containing  five  milligrammes  of 
the  metal  in  a cubic  centimetre  are  conveniently  prepared  and  kept  for  use. 


tion  and  ignition. 
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To  the  solution  add — 

HGl,  a white  curdy  precipitate  is  obtained,  which  consists  of  argentic 
chloride,  AgCl ; filter.  To  the  filtrate  add — 

SH.i,  a hlack  precipitate  is  obtained  consisting  of  cupric  sulphide,  CuS  ; 
filter  again,  and  to  the  fiitrate  add — 

AmCl,  'I 

AmHo,  I A Mack  precipitate  comes  down  consisting  of  cohaltous  sulphide, 
and  ( CoS  ; filter,  and  to  the  filtrate  add — 

SAmj  J 

COAmOj,  a white  precipitate  is  obtained,  consisting  of  baric  carbonate, 
COBao";  filter,  evaporate  the  filtrate  and  ignite  to  drive  off  the  ammonic  salts. 
A white  saline  residue  is  left,  containing  the  putassic  salt. 

What  were  the  chemical  changes  that  took  place  ? 

The  changes  were  evidently  produced  hy  the  mutual  exchange  of 
elements  in  two  bodies  (changes  by  double  decomposition)  : i.e.,  the 
hydrochloric  acid  added  in  Group  I to  the  solution  of  the  metallic 
nitrates,  exchanged  its  hydrogen  for  the  silver  of  the  argentic  nitrate  ; 
and  the  sulphuretted  hydrogen  exchanged  its  hydrogen  for  the  metal 
coppei’,  leaving  nitric  acid  and  cupric  sulphide,  etc. 

The  reactions  will  be  readily  expressed  by  equations,  thus 


NO-2Ago 

Argentic 

nitrate. 

HCl 

= AgCl 

Argentic 
chloride. 

+ 

NOjHo. 

Cupric 

nitrate. 

+ 

Sir. 

= CuS* 

Cupric 

sulpliide. 

2NO2H0. 

4- 

SAm2 

- CoS 

+ 

2NOoAmo. 

Cohaltous 

nitrate. 

Cohaltous 

sulphide. 

+ 

COAmo, 

= COBao" 

+ 

2U'OoAmO. 

Baric 

nitrate. 

Baric 

carbonate. 

Silver,  copper,  cobalt,  and  potassium  are,  however,  not  the  only 
metals  which  might  have  been  separated  by  these  same  reagents. 

The  table  on  the  next  following  page  exhibits  the  five  groups 
into  which  all  metallic  bodies  classify  themselves  on  the  addition  of 
the  several  group-reagents. 

* It  is  immaterial  whether  written  SCii  or  CuS,  since  both  sulphur  and  copper 
arc  dyad  elements. 
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* When  no  colour  is  stated,  the  precipitate  is  white. 
t Precipitated  as  mercurous  chloride  from  mercurous  salts. 

X Lead  being  somewhat  soluble  in  cold  water  in  the  form  of  jjlumbic  chloride,  P'oCl2,  occurs  both  in  the  first  and  second  group. 


GROUP-REAGENTS  AND  SPECIAL  REAGENTS. 
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Thus  far  grou;p-rea.gent^  assist  in  the  separation  of  bodies,  but 
when,  as  in  Group  IV,  the  white  precipitate  produced  bj  the  group- 
reagent,  COAmoj,  leaves  still  a donbt  whether  a barium,  stron- 
tium, or  calcium  compound  was  present  in  the  solution,  further 
experiments  must  evidently  be  made  with  a view  of  completely 
identifying  the  substance  under  examination.  This  the  student 
will  only  be  able  to  do  by  making  himself  first  practically  familiar 
with  the  different  changes  or  reactions  which  the  members  of  the 
various  groups  of  metals  can  be  made  to  undergo  : and  after  under- 
standing the  use  of  the  group-reagents,  he  should  direct  his  atten- 
tion to  the  special  reactions  which  distinguish  and  separate  one  metal 
from  another,  or  from  several  others.  This  may  frequently  be  done 
in  more  than  one  way  ; one  reaction,  however,  as  a rule,  deserves 
the  preference  over  others,  on  account  of  the  greater  exactness 
which  distinguishes  it,  or  on  account  of  increased  facility  of  execu- 
tion, or  of  both. 

Certain  reactions,  lastly,  will  have  to  be  studied,  which  are  not 
directly  available  for  the  separation  of  the  members  of  a group 
from  each  other,  but  to  which  considerable  interest  is  attached 
as  being  illustrative  of  some  valuable  property  or  other  of  the 
metals. 

The  tabular  form,  which  is,  no  doubt,  the  most  compact  and 
summary  mode  of  arranging  chemical  reactions,  will  often  be  adopted 
for  embodying  such  reliable  and  expeditious  methods  of  separation 
as  have  stood  the  test  of  experience  in  the  laboratory.  The  direc- 
tions given  will  be  concise  and  divested  of  all  explanatory  matter. 
On  no  account  should  a student  use  any  tabular  directions,  however, 
without  first  having  made  himself  practically  acquainted  with  the 
details  of  the  reactions ; and  to  countei’act  any  pernicious  infl  uence 
which  the  use  of  tables  might  have,  the  student  should  learn  to 
draw  up  tables  for  the  several  other  processes  of  separation  which 
are  frequently  possible. 

A deviation  from  the  natural  course  of  studying  the  reactions  of 
the  metals  by  beginning  with  Group  I,  and  so  on,  will  be  justified 
on  the  ground  of  greater  simplicity,  and  on  account  of  the  far 
gi’eater  importance  which  is  attached  to  the  metals  of  Group  V, 
especially  the  alkali  metals.  Experience  has  shown  that  students 
have  less  difficulty  in  mastering  the  reactions  by  reversing  the  order 
of  the  gi’oups,  beginning  with  the  study  of  the  alkali  and  alkaline- 
earthy  metals  ; and  that  a thorough  knowledge  of  the  metals  of 
these  groups  is  of  material  assistance  in  understanding  the  qualita- 
tive changes  to  which  the  metals  proper  are  subjected. 

The  chemical  nomenclature  employed  in  this  work  is  that  of 
Dr.  Frankland.  It  will  be  found  fully  explained  in  the  Introduction 
to  Inorganic  Chemistry.  An  experience  extending  now  over  several 
years  has  shown  that  it  is  readily  mastered  and  greatly  appi’eciated 
by  students.  It  is  both  comprehensive  and  logical,  for  it  does  not 
require  one  kind  of  formulas  for  inorganic  and  another  for  organic 
bodies,  and  it  complies  with  the  law  of  atomicity,  observed  for  the 
different  elementary  bodies.  The  little  o employed  by  Dr.  Frankland 


POTASSIUM. 


in  writing  the  different  compound  basilous  radicals,  such  as  Ho,  Ko, 
Bao",  Bio'",  ALo'^‘,  etc.,  has  tended  occasionally  to  mislead  beginners. 
It  will  be  fonnd  useful  in  all  such  cases  to  practise  writing  these 
same  radicals  with  a big  0,  and  using  the  bracket,  with  the  atomi- 
city indication  placed  outside  the  bracket,  thus: — (OH),  (OK'), 
(02Ba)",  (OsBi)"',  (ObAIs)''^  Students  have  as  a rule  no  difficulty 
in  transcribing  constitutional  into  empirical  formula),  a practice 
which  may  precede  with  a,dvantage  percentage  calculations. 


Chapter  II. 

REACTIONS  OF  THE  METALS  OF  GROUP  V. 

Tins  group  compilses  the  metals  potassium,  sodium,  ammonium,  and 
MAGNESiu.M,  which  are  not  precipitated  by  any  group-reagent. 


I.  POTASSIUM,  K.  Atomic  weight  39T. — Occurs  in  nature 
in  large  amount  only  in  a few  minerals,  of  which  nitre  or  saltpetre 
is  the  most  important.  It  is  present  in  larger  or  smaller  quantities 
m a few'  silicates  and  sulphates,  such  as  felsp>ar,  alumstone,  in  the 
ashes  of  jilants  {crude  potashes),  and  in  the  form  of  chloride  in  saline 
deposits  (at  Stnssfurth,  in  Prussia,  and  elsewhere). 

REACTIONS  IN  THE  DRY  WAY. 

Most  potassium  compounds,  when  heated  in  small  quantities  on 
a thin  platinum  wire  in  the  inner  flame  of  the  blowpipe,  undergo 
dissociation,  tlic  vapour  of  the  metal  imparting  a violet  eolour  to 
the  outer  flame.  When  examined  with  the  aid  of  a spectroscope,* 

* Wlien  efements  in  the  gaseous  condition,  or  vaporised  by  sti’ong  ignition, 
are  analj-.-ied  l)y  means  of  the  spectroscope,  they  may  be  distinguished  from  each 
other  by  the  respective  spectra  which  they  give.  Tlie  intensity  of  the  spectra  of 
metallic  elements  is  so  much  greater  than  that  of  the  non-metals,  that  the  latter 
arc  only  rarely  seen.  The  heat  which  can  be  jiroduced  by  a good  Bunsen  gas 
burner  is  not  strong  enough  to  volatihze  all  elements,  or  to  heat  their  vapour 
liighly  enough.  Most  heavy  metals  can  only  be  volatilized  by  means  of  an 
electric  sjiark,  making  use  of  an  induction  coil,  by  placing  the  galvanically 
precipitated  metals  between  the  electrodes.  In  order  to  analyse  the  ordinary 
gases  spectroscopically,  the  spark  is  passed  through  the  gases  confined  in  Geissler 
tubes. 

It  is  usual  to  employ  the  spectroscope  only  for  the  examination  of  those 
metals,  or  metallic  compounds,  which  can  be  volatilized  by  means  of  the  gas 
flame  from  a good  Bunsen  burner,  such  as  the  alkali  metals,  sodium,  potassium, 
rubidium,  caesium,  lithium ; the  alkaline  earthy  metals,  barium,  strontium, 
calcium  j and  the  heavy  metals,  thallium  and  inditim.  The  compounds  most, 
suitable  are  the  chloridfcs,  nitrates,  chlorates,  perchlorates,  and  carbonates  of 
these  metals.  A small  portion  is  jilaced  on  the  loop  of  a thin  platinum  wire, 
introduced  into  the  non-luminous  portion  of  the  flame,  and  the  spectrum 
examined.  The  different  elements  are  distinguishable  by  their  respective  colours , 
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the  potassium  spectrum  is  found  to  consist  mainly  of  two  lines,  a 
comparatively  strong  line,  Kx,*  in  tke  red,  and  a faint  line,  K/ii,* 
in  the  blue. 

This  applies  more  particularly  to  potassic  salts  which  are  volatile  without 
decomposition  at  a very  strong  heat  (such  as  potassic  chloride,  bromide,  iodide, 
and  cyanide)  or  which  are  decomposed  by  heat ; but  not  to  non-volatile  potassic 
salts,  sucli  as  phosphates,  silicates,  or  borates,  which  give  scarcely  any  flame 
reaction  till  they  are  moistened  with  HCl,  or,  if  HCl  be  without  action,  heated 
together  with  pm’e  calcic  sulphate.  The  presence  of  sodium  compounds  gives 
rise  to  an  intense  golden-yellow  flame,  and  conceals  the  potassium  reaction  ; but 
when  seen  through  a blue  glass,  or  indigo-prism,  the  yellow  or  sodium  flame  is 
entirely  cut  off,  and  the  potassium  flame  becomes  distinctly  visible,  and  is  then 
of  a rich  reddish-violet  colour. 

REACTIONS  IN  THE  WET  WAT. 

A SOLUTION  OF  POTASSIC  CHLORIDE,  KCl,  is  used. 

PtCU  (platiiiic  cliloriile)  pi’ecipitates  from  potassic  solutions 
which  are  not  too  dilute,  a yelloiv  crystalline  precipitate  of  potassic 
platinic  cliloriile,  2KCl,PtCl4,  insolublef  in  strong  alcohol,  or  better 
stdl  in  alcohol  and  ether,  as  well  as  in  acids. 

rcOHo 

J CHHo  (tartaric  aclrt)  precipitates  ^vhite  crystalline  hyilric  potassic 

I CHHo  r COKo 

LCOHo  tartrate,  1 CHHo  f , , i ^ ^ ^ 

< CHHo’  neutral  and  sufiiciently  concentrated 

l^COHo 

solutions.  The  precipitate  settles  rapidly,  especially  on  shaking  or  stirring. 

2HF,  S1F4  (liytlrofluosilicic  aciil)  gives  a white  gelatinous  precipitate  of 
potassic  silicofluoriclc,  2KF,SiF4  ; difficultly  soluble  in  water  (833  parts  at 
17  5°  C.) ; insoluble  in  alcohol. 

Potassic  salts  are  for  the  most  part  soluble  in  water,  hence  so 
few  visible  .reactions ; the  hydrate  and  carbonate  constitute  two 
important  reagents,  on  account  of  the  great  affinity  which  the 
powerful  base  potassium  possesses  for  the  acids  with  which  the 
metals  of  other  groups  may  be  combined. 

2.  SODIUM,  JTa.  Atomic  weight  23. — Occurs  in  nature  in  vast 
masses,  as  roc/c  salt,  l^aCl;  as  carbonate,  in  native  soda,  CONaoo, 

as  well  as  by  the  position  which  their  lines  occupy  in  the  continuous  solar 
spectrum,  fllie  lines  are  not  all  of  the  same  intensity,  and  therefore  not  equally 
available. 

It  is  only  by  employing  larger  quantities  of  pure  substances,  and  heating 
t^m  very  intensely,  that  many  of  the  less  prominent  lines  can  be  observed. 
I he  accuracy  of  the  reactions  is,  however,  so  great  that  we  can  discover  in  this 
manner  tlie  merest  truces  of  these  elements,  and  are  enabled  to  disentangle 
mixtures  thereof,  without  actual  separation.  Spectroscopic  analysis  constitutes 
in  fact  a most  valuable  auxiliary  to  chemical  analysis. 

* Principal  spectral  linos  of  elements  are  generally  designated  by  a letter  for 
ordinary  reference  purposes. 

t The  degree  of  solubility  of  a precipitate  in  different  media  can  only  bo 
ascertained  by  laborious  quantitative  experiments.  The  student  will  therefore  bo 
expected  to  verify  only  those  statements  respecting  the  solubility  of  the  precipi- 
tates which  require  no  quantitative  knowledge. 
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IOOH2,  andinimia,  CONao,,2COHoNao,30Ho  ; as  NITRATE,  in  euhic 
nitre,  or  Chili  saltpetre,  N02Nao ; as  sulphate  or  glauber  salt,  SOoNaoa, 
IOOH2;  as  hihorate,  BiO5Nao2,10OH2 ; as  glauberite,  S204Nao2Cao", 
and  as  cryolite,  6NaF,AI.Fe,  and  in  many  silicates,  of  -whicb  albite 
may  be  taken  as  the  reiiresentative.  All  natural  sodium  compounds, 
with  the  exception  of  the  last  two  minerals,  are  soluble  in  water. 

reactions  in  the  dry  way. 

The  intense  goiacn-yellow  colour  which  sodium  compounds 
impart  to  the  outer  blow'pipe  flame  is  almost  exclusively  relied  upon 
for  the  detection  of  the  metal.  Its  spectrum  consists  of  one  bright 
double  line,  coinciding  with  the  D line  of  the  solar  spectrum,  and 
several  green  lines  seldom  seen.  Some  sodic  salts  are  readily 
recognised  by  their  characteristic  taste,  especially  rock  salt  and 
cubic  nitre. 

reactions  in  the  wet  way. 

A solution  of  sodic  chloride,  NaCl,  is  employed. 

Sodic  salts  are  even  more  freely  soluble  than  potassic  salts, 
and  ])latinic  chloride  or  tartaric  acid  give  no  precipitates.  Hydro- 
Huosilicic  acid  gives  a gelatinous  precipitate  from  concentrated 
(aqueous)  solutions  only  ; the  precipitate  is  insoluble  in  alcohol. 

Sodic  hydrate  and  sodic  carbonate  act  in  every  respect  like 
potassic  hydrate  and  carbonate.  Pure  sodic  hydrate  is  now  prepared 
from  the  metal  sodium,  ixnd  deserves  the  preference  over  potassic 
hydrate.* 


3.  AMMONIUM.— Am  = NH4.  Atomic  weight,  18.- 


reacttons  in  the  dry  way. 

Ammonic  salts,  when  heated  in  a test-tube,  vtHsuiilzc,  either 
(;ntirely  or  partially.  Salts  with  fixed  acids,  such  as  phosphoric 
acid,  lose  ammonia,  NII2.  Salts  of  ammonium  with  volatile  acids 
can  be  volatilized,  either  with  decomposition,  such  as  the  nitrate, 
nitrite,  sulphate,  the  latter  with  formation  of  mixed  vapour  of 
nitrogen,  water,  ammonia,  and  sulphurous  anhydride  ; or  without 
decomposition,  such  as  the  cyanide  ; or  partial  dissociation  only,  such 
as  the  chloride,  bromide,  iodide:  the  latter  salts  condense  again,  lor 
the  most  part  unchanged ; they  sublime,  and  arc  found  in  the  uj)per 
jjurt  of  the  test-tube. 


REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  AMHONic  CHLORIDE,  AmCl,  is  employed. 

PtCh  produces  a heavy  yellow  precipitate  of  aiiiimmic  iiiatlnle 
chlorine,  2AmCl,PtCl4.  The  precipitate  is  soluble  in  much  water 

* The  student  who  lias  not  the  advantage  of  attending  a course  of  ledures  on 
. ehen.istry  should  make  himself  familiar,  by  reading  a good  Manual  ot  Chenusin, 
with  the  properties  of  the  various  salts  of  potassium  and  sodium,  also  uitli  t le 
interesting  processes  of  manufacturing  sodic  carbonate  from  the  chloride  ; soc  ic 
silicate  (ivaler-gluss)  ; potassic  chlorate,  &c.,  &c. 
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(hence  there  appears  no  precipitate  from  dilute  ammonic  solutions), 
but  insoluble  in  alcohol  and  ether.  Ammonic  platinic  chloride 
leaves  on  ignition  only  spongy  platinum.  (Distinction  from 
PoTASsic  Platinic  Chloride,  which  leaves  spongy  platinum  and 
potassic  chloride,  Pt  + 2KC1.) 

Tartaric  acIU  produces  from  a concentrated  solution  of  ammonic  cbloride 
a while  crystalline  precipitate  of  lij  rtric  aiiuiionic  tartrate,  resembling  tbe 
potassium  precipitate  in  its  properties.  The  two  precipitates  are  readily  distin- 
guished on  ignition.  Hydric  potassic  tartrate  leaves  a carbonaceous  residue, 
which  is  strongly  alkahne,  and  the  potassic  carbonate  which  it  contains  dissolves 
in  water.  The  other  leaves  merely  a residue  of  carbon,  devoid  of  any  alkaline 
reaction. 

Ammonic  salts  are  decomposed,  with  evolution  of  ammonia  gas, 
when  heated  with  a hydrate  of  an  alkali  (KHo,  NaHo),  or  alkaline 
earthy  metal  (BaHo^,  CaHOo),  thus  : — 

2AmCl  + CaHo2  = 2NH3  + CaCk.  + 2OH2. 

Neutral  or  normal  salts  of  certain  polybasic  acids,  e.^.,  well  dried 
alkaline  chromates,  borates,  phosphates,  etc.,  readily  decompose 
ammonic  salts,  especially  when  heated,  with  evolution  of  ammonia 
gas,  and  formation  of  acid  salts,  thus  : — 

r CrO.Ko 

2CrO.,Ko,  + 2AmCl  = <^  0 + 2NH3  + 2KC1  + OH,. 

LCrO.,Ko 

This  reaction  distinguishes,  therefore,  between  normal  and  acid 
salts  of  polybasic  acids. 

Ammonia  gas  is  readily  recognised,  1st,  by  its  pungent  odour ; 
2nd,  by  its  turning  red  litmus  paper,  moistened  with  a drop  of  dis- 
tilled water,  hlue;  3rd,  hj  its  combming  with  the  vapour  of  volatde 
acids  (such  as  dilute  hydrochloric  acid)  to  form  white  fumes 
(AmCl). 

Nessler’s  test*  for  traces  of  ammonia. — If  a potassic  solution  of 
potassic  mercuric  iodide,  2KI,Hgl2,  be  added  to  a fluid  containing 
mere  traces  of  ammonia  or  of  an  ammonic  salt,  a brmun  precipitate 
of  dimercurammonic  iodide,  or  a yellow  to  brmun  coloration  is  pro- 
duced, according  to  the  quantity  of  the  ammonium  compound 
present — 

2(2KI,Hgl2)  -t-  3KHo  -f  NH^Ho  = NHg".J,OH2  -p  7KI  + 30ID. 

Brown  pp. 

Ammonic  hydrate  and  carbonate,  as  well  as  various  other 
ammonium  compounds,  e.g.,  ammonic  chloride,  ammonic  sulphide, 
are  among  the  most  useful  reagents  which  the  chemist  possesses. 

QUESTIONS  AND  EXERCISES. 

1.  How  are  potassium  compounds  recognised  in  the  wot  way  ? 


* Eor  the  preparation  of  Nessler’s  solution,  sec  Appendix. 
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2.  How  can  potassium  and  sodium  compounds  be  distinguished  before  the 

blowjjipe  flame  ? 

3.  State  bow  you  would  ascertain  whether  the  yellow  precipitate  produced  by 

platinic  chloride  indicates  the  presence  of  a salt  of  ammonium  or  potas- 
sium. 

4.  How  can  hydric  potassic  tartrate  be  distinguished  from  hydric  ammotiic 

tartrate  ? 

5.  Which  sodic  salts  are  found  native  ? 

(i.  How  is  spongy  platinum  prepared? 

7.  How  would  you  test  for  mere  traces  of  ammonia  ? 

8.  How  much  spongy  platinum  is  obtained  from  2’345  grms.  of  ammonic 

platinic  chloride  ? 

9.  How  much  dry  ammonia  gas  by  volume  (litres)  and  weight  can  bo  obtained 

by  distillation  with  calcic  hydrate  from  5 grms.  of  ammonic  chloride  ? 

10.  How  would  you  examine  a mixture  containing  ammonic  chloride  and  potassic 

chloride? 

11.  A mixture  of  1‘5  grm.  of  sodic  and  ammonic  chloride  lost  on  ignition  '234 

grm. ; what  is  the  percentage  of  ammonic  and  sodic  chloride  present  in 
the  mixture  ? 

12.  Calculate  the  percentage  composition  of  borax. 

4.  MAGNESIUM,  Mg".  Atomic  weight,  24. — Occurs  in  nature 
as  OXIDE,  in  the  mineral  periclase,  MgO  ; as  hydba.te  in  hrucite, 
MgJlo.; ; as  CAltBONATE,  in  magnesite,  COMgo",  and  in  hydromagne- 
site, C;,OHo2Mgo"4,30H2 ; as  double  carbonate,  in  dolomite, 
CO  CO 

QQCao"Mgo",  and  mesitine  spar,  ^QMgo"Feo" ; as  sulphate,  in 
I'ieserite,  SOHoaMgo"  (from  Stassfurth  salt),  and  in  epsomite, 
SOPIojMgo",  GOUj;  as  phosphate,  in  wagnerite,  POMgo"^^Mg"^ ; 
as  SILICATE,  in  peridote,  SiMgo"2,  enstatite,  SiOMgo",  steatite, 
Si405jMgo"3,  talc,  Si50flMgo"4,  serpentine, 

st7ia«m,  Si202Ho4Mgo"2,  and  in  dIfopsfeZe,  g^QCao"Mgo"  ; and  lastly, 
as  BORATE  in  boracite,  BaOuMge'^s. 

REACTIONS  IN  THE  DRY  WAY. 

Magnesic  salts,  as  such,  impart  no  colour  to  a non-luminous  gas- 
flame.  The  most  characteristic  I’eaction  for  magnesia,  in  tlie  dry 
■way,  is  the  pale  rose  colour  which  this  alkaline  earth  acquires  on 
moistening  with  cobaltous  nitrate,  and  then  igniting  it  once  more 
strongly  on  charcoal. 

This  colour  can,  however,  only  be  relied  on  when  no  other  metallic  oxides  are 
present;  and  as  magnesium  salts  do  not  colour  the  outer  blowpipe  (lame,  recourse 
must  almost  invariably  be  had  to  the  reactions  in  the  wet  way.  Ignition  of  the 
sulphate  on  charcoal  in  the  reducing  flame  yields  the  sulphide,  MgS.  Prolonged 
ignition  of  the  carbonate  yields  caustic  magnesia,  which  is  almost  insoluble  in 
water. 

REACTIONS  IN  THE  WET  WAY. 

For  this  purpose  a solution  op  magnesic  chloride,  MgCh,  or 
MAGNESIC  SULPHATE,  SOjMgo",  (S02(02Mg)"),  is  employed. 

Magnesia  is  not  precipitated  by  ammonia  in  the  presence  of 
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aminonic  cliloridG,  becauss  it  forms  a soluble  double  chloride, 
2AmCl,MgCl2.  In  the  absence  of  ammonic  chloride,  part  of  the 
magnesia  is  precipitated  as  hydrate,  MgHoj,  thus — 

2MgCl2  + 2AmHo  = MgHoa  + 2AmCl,MgCl2. 

Soluble  double  chloride. 

In  the  presence  of  a sufficient  amount  of  ammonic  chloride,  the 
mao-nesic  hydrate  is  at  once  decomposed  into  magnesic  chloride 
(MgHoa  + 2AmCl  = MgCh  + 2AmHo),  and  no  precipitation  takes 
place,  nor  is  the  double  chloride  precipitated  by  ammonic,  sodic,  or 
potassic  carbonate.  Hence  magnesium  cannot  be  precipitated  in 
Groups  III  and  IV,  provided  a sufficient  amount  of  ammonic  chloride 
he  present,  and  the  solution  he  kept  sufficiently  dilute. 

Potassic,  sodic,  calcic,  and  baric  hydrate  precipitate  magnesia  almost  com- 
pletely as  white  magnesic  liydrate,  nearly  insoluble  in  cold  and  hot  water. 
Ammonic  chloride,  as  well  as  other  ammonic  salts,  dissolre  it  readily,  or,  if 
originally  present  in  sufficient  quantities,  prevent  its  formation. 

Ammonic  oxalate  gives,  after  some  time,  from  moderately  dilute  solutions  of 
magnesic  salts,  a white  crystalline  precipitate  of  a double  oxalate  of  magnesia  and 
ammonia;  not  so,  however,  in  the  presence  of  excess  of  ammonic  chloride. 

POHoNao2  (liyiirlc  iii.sudic  pliosiihate),  or  better  still,  a solution 
of  microcosmic  salt,  precipitates  liydric  magnesic  pliospliate, 
POHoMgo". 

The  precipitation  is  complete  in  the  presence  of  ammonic  chloride 
and  ammonia..  POAmoMgo'^',  6Aq,  ammonic  magnesic  piiospliatc, 
falls  as  a white  crystalline  precipitate.  The  separation  from  a dilute 
solution  of  a magnesic  salt  is  promoted  by  gentle  heat,  and  by 
stirring  with  a glass  rod.  The  precipitate  is  but  slightly  soluble  in 
water  and  ammonic  salts.  In  water  containing  ammonia  it  is 
practically  insoluble.  Dilute  mineral  acids  dissolve  it,  as  well  as 
acetic  acid.  From  very  dilute  solutions  the  precipitate  separates 
only  on  standing  for  about  24  hours  in  a warm  place. 

On  heating  magnesic  chloride  with  precipitated  mercuric  oxide,  the  chloride 
is  converted  Into  oxide,  mercuric  chloride  being  volatilized.  This  experi- 
ment must  be  conducted  in  a closet  which  is  provided  with  a good  indraught  of 
air,  and  is  in  connection  with  a chimney  flue. 

Methods  for  the  recognition  of  Mg,  K,  Ha,  and  Am  will  readily 
suggest  themselves,  if  the  student  bears  in  mind — 

1st.  The  volatility  of  ammonic  salts  (phosphates  and  borates 
excepted). 

2nd.  The  insolubility  of  MgHoz  in  water. 

3rd.  The  insolubility  of  2KCl,PtCl4  in  alcohol. 

4th.  The  intense  yellow  coloration  which  sodium  imparts  to  the 
blowpipe  flame. 

A solution  containing  salts  of  Mg,  K,  Ha,  and  Am,  may  be 
examined  as  follows  : — 

1st.  Heat  a portion  with  NaHo  ; ammonia  gas  is  given  off,  which  is  recognised 
by  its  pungent  odour,  etc. — presence  of  Am. 
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2nd.  To  a second  povtion  add  AmCl,  AmHo,  and  POHo^Tao^,  a white  crystalline 
precipitate  indicates  the  presence  of  MCgr. 

3rd.  Evaporate  a third  portion  to  dryness  and  ignite  strongly.  Extract  with 
hot  water  (without  filtering  off  any  magnesic  oxy-chloride  {Mg'20Cl2), 
which  may  have  been  formed),  and  add  suificient  BaHo2  till  the  whole  of 
tlie  magnesia  is  precipitated  as  MgrHoj;  filter.  To  the  filtrate  add 
COAmo2,  as  long  as  a precipitate  is  produced,  and  filter  again.  Evapo- 
rate the  filtrate  to  dryness,  and  ignite  strongly  to  expel  ammonic  salts. 
Dissolve  the  residue  in  a little  water,  filter  off  a trace  of  MgrO  (if  any),  and 
test  filtrate  for  potassium  by  moans  of  PtCl4 ; a yellow  crystalline  pre- 
cipitate— presence  of  K ; and  for  sodium,  by  heating  on  a platinum 
wire  before  the  blowpipe  flame  ; a golden-yellow  flame  indicates  the  pre- 
sence «»f  Na. 


QUESTTO^TS  AND  EXERCISES. 

1.  How  is  magnesic  sulphate  prepared — 1st  from  magnesite;  2nd,  from  dolo- 

mite ? 

2.  Which  arc  the  most  important  magnesium  minerals?  Give  constitutional 

and  graphic  formula). 

3.  Explain  the  action  which  ammonia,  potassic  hydrate,  and  sodic  carbonate 

have  upon  solutions  of  magnesic  salts  in  tlie  pi’csence  of  amnionic  salts, 
and  also  without  tlicm. 

4.  Describe  fully  the  most  characteristic  reaction  for  magnesic  salts  in  the  wet 

way. 

5.  ITow  is  magnesium  separated  from  potassium  and  sodium  ? 

G.  How  much  crystallized  magnesic  sulphate,  SOIIooMgo'',  GOH.,  can  be  pre- 
jinrcd  from  one  ton  of  pure  magnesite  ? 


CtlAPTER  III. 

REACTIONS  OF  THE  METALS  OF  GROUP  IV. 

Trus  group  oompvisGs  tliG  rnetals  pahium,  strontium,  caTjCIUM,  ■wliicli 
are  precipitated  by  ammonic  carbonate  from  an  ammoniacal  solution 
in  the  presence  of  ammonic  chloride.  Ihe  latter  (if  present  in 
sufficient  quantity)  prevents  the  precipitation  of  magnesium. 

1.  BARIUM,  Ba".  Atomic  weight,  1.37.— Occurs  in  nature 
chiefly  in  the  form  of  heavy  sflav,  SOjBao^^,  and  as  witheiite, 
COBao". 

REACTIONS  IN  THE  DRY  WAY. 

Barium  compounds,  when  held  in  the  fusing  zone  of  a Bunsen 
gas  burner,  or  when  heated  on  thin  platinum  wire  in  the  inner 
blowpipe  flame,  impart  a yclhiwlsh-srcen  colour  to  the  outer 
especially  when  treated  with  strong  hydrochloric  acid.  When 
viewed  through  the  spectroscope  (the  chloi’ide*  is  best  employed), 
two  GREEN  lines.  Baa  and  Ba/3,  come  out  most  intensely ; Bay  m 
less  marked.  Besides  these,  there  are  numerous  lines  in  the  RED 

* The  spectra  of  Ba  and  of  the  two  following  metals  arc  probably  those  of 
the  oxides,  and  not  of  the  metals  themselves. 
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and  YfiLLOW,  and  one  broad  indistinct  line  in  the  blue,  close  to  F of 
the  solar  spectrum. 

HeaTj  spar  heated  on  charcoal  in  the  reducing  flame  is  reduced  to  baric  sul- 
phide, BaS,  which  fuses  readily.  This  reaction  is  made  use  of  to  prepare,  on  a 
manufacturing  scale,  soluble  baric  salts  from  the  sulphate.  Bai’ic  carbonate  is 
decomposed  only  slowly  even  by  ignition  to  a strong  white  heat. 


REACTIOJfS  IN  THE  WET  WAT. 

Baric  salts  are  obtained  by  dissolving  the  native  carbonate  or 
witherite  in  acids.*  Heavy  spar  is  attacked  by  alkaline  carboirates 
at  a high  temperature.  By  mixing,  on  a small  scale,  finely  powdered 
baric  sulphate  with  three  to  four  times  its  weight  of  fusion  mixture, 
and  heating  in  a platinum  crucible  over  a gas  flame,  it  is  converted 
into  baric  carbonate,  thus  : — • 


SOoBao"  + GOISraoKo  = COBao"  -|-  SOoNaoKo. 

Insol.  in  water.  Soluble  in  water. 


On  extracting  the  fused  mass  with  hot  water  and  filtering, 
COBao  is  from  which,  by  the  addition  of  the  respective  acids, 
small  quantities  of  the  different  baric  salts  can  be  prepared. 

applies  to  celestine,  SO,Sro",  and  to  anhydrite, 

^O^Oao  . 

A SOLUTION  OP  BAEia  CHLORIDE,  BaCb,  is  employed. 

precipitates  white  baric  carbonate, 
COBao_  , soluble  with  decomposition  in  acids  ; somewhat  soluble  in 
ammonic  cliloride.  With  carbonic  acid  it  forms  a soluble  acid  car- 
bonate or  dihydric  dicarbonate,  C.OaHooBao",  but  it  is  reprecipitated, 
on  boiling,  with  evolution  of  carbonic  anhydride.  Baric  carbonate 
IS  partially  decomposed  by  alkaline  sulphates,  e.g.,  potassic  sulphate, 
into  banc  sulphate  and  alkaline  carbonate.  The  decomposition  is 
complete  in  the  presence  of  free  carbonic  anhydride.  COSro"  and 
changed,  not  even  on  boiling  with  SOjKo,. 

COAao,  and  COK02,  same  precipitate. 


carbonates  and  sulphates,  which  they  rarely  are 

byUrart^BaHo^  ? voluminous  precipitate  of  baric 

by  Urate,  BaHoj,  soluble  m water.  A solution  of  the  hydrate  in  water  is  known 

carbZfanhydride 

Am  Ho  gives  no  precipitate. 


SO2H02,  as  well  as  all  .soluble  suipiiates,  precipitate  on  boilino-, 

Tanr  f HOI),  heavy  white 
'r!,V S02Bao_ , even  from  very  dilute  solutions  of  baric 
salts,  i he  precipitate  is  insoluble  in  water,  dilute  acids  and  alka- 
® ^ perceptible  extent  in  boiling  concentrated 

y one  and  nitnc  acids,  and  also  in  concentrated  solutions  of 
ammomc  salts,  but  not  if  the  precipitants  are  in  excess;  soluble 
also  in  concentrated  boiling  sulphuric  acid,  with  formation  of 

* Dilute  acids  (HClor  NO.Uo)  should  be  employed,  as  the  baric  chloride 
and  baric  nitrate,  which  result  from  the  action  of  these  acids  upon  withenr  are 
insoluble  m the  concentrated  acids.  ^ "n-ucniie,  aie 
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diliydric  baric  disulpliate,  S.OiHoiBao".  The  presence  of  an 
alkaline  citrate  greatly  interferes  witli  its  precipitation.  Solutions 
of  strontic  or  calcic  sulphate  (two  sulphates  which  are  but  slightly 
soluble  in  water,  especially  the  former)  constitute  the  most  delicate 
tests  for  barium. 

S02Bao"  is  soluble  only  in  nbout  400,000  parts  of  pure  water ; S02Sro"  in 
7,000  parts  of  cold  water ; whilst  S02Cao"  dissolves  in  390  parts  of  water  at 
35°  C.,  and  in  460  parts  at  100°  C.,  being  in  fact  less  soluble  in  hot  than  in  cold 
water. 

POHoNao2  (Iiydrlc  tUsortic  i>li».si>liatc)  gives  from  neutral  or  alkaline 
solutions  a lohite  precipitate  of  liyclric  baric  iiliosiiliatc,  POHoBao",  readily 
soluble  in  dilute  nitric,  liydi’ochloric  or  acetic  acid.  Perceptibly  soluble  in 
aininoi'ic  chloride. 

{c  lino  oxalate)  gives  from  a moderately  dilute  solution 

r CO 

of  a baric  salt,  a white  pulverulent  precipitate  of  baric  oxalate,  ^^^Bao," 

soluble  in  dilute  nitric  or  hydrochloric  acid.  Soluble  also  in  oxalic  and  acetic 
acids  when  freshly  precipitated. 

Cr02Ko2  (iMitassic  clir«»niate)  gives  a bright  lemon-yellow  preci- 
pitate of  baric  cliromaic,  Cr02Bao",  even  from  very  dilute  neutral 
or  moderately  acid  (acetic  acid)  solutions,  readily  soluble  in  nitric, 
hydrochloric  or  chromic  acid  (Cr02Ho.2) — reprecipitated  by  am- 
monia.— (Distinction  from  strontic  and  calcic  salts,  which  aris 

NOT  PRECIPITATED  FROM  DILUTE  SOLUTIONS.) 

2lIF,SiF4  (IiyilrofluoMlIiclc  aclil)  gives  a colourless  crystalline  precipitate 
of  baric  slllcollimrlilc,  BaFj,SiF4,  which  subsides  quickly,  especially  upon 
the  addition  of  an  equal  bulk  of  alcohol.  It  is  somewhat  soluble  in  water  and 
in  dilute  acids,  insoluble  in  alcohol.  (Distinction  of  haeio  feom  strontic 

AND  CALCIC  SALTS,  WHICH  GIVE  NO  I’llECiriTATE  EVEN  ON  THE  ADDITION  OF 
ALCOHOL.) 

Soluble  baric  salts,  such  as  baric  chloride,  nitrate  or  acetate,  constitute  ex- 
ceedingly useful  reagents  for  the  detection  of  acids,  on  account  of  the  metal 
barium  forming  insoluble  salts  with  most  acids. 

QUESTIONS  AND  EXEECISES. 

1.  How  can  baric  sulphate  be  converted  into  baric  nitrate  or  chloride  ? 

2.  Express  in  symbolic  equations  the  diflerent  reactions  for  barium. 

3.  Which  are  the  most  delicate  reactions  for  barium  ? 

4.  How  can  barium  be  separated  from  strontium  and  calcium  ? 

5.  1-235  grm.  of  witherite  gave  ‘965  grm.  of  baric  sulphate ; what  is  the  percentage 

of  barium  and  of  baric  carbonate  in  the  mineral  ? 

2.  STRONTIUM,  Sr".  Atomic  weight,  87'5. — Occurs  in 
nature  as  sulphate  in  the  mineral  celestme,  SO^Sro";  and  as 
CARBONATE  in  strontianite,  COSro". 

EXAMINATION  IN  THE  DRY  WAY. 

Strontium  compounds,  when  heated  on  platinum  wire  in  the 
inner  flame,  colour  the  outer  flame  intensely  crimson.  When  the 
flame  is  viewed  through  the  spectroscope,  it  shows  a number  of 
characteristic  lines,  more  especially  the  Sr^  and  7 lines  in  the  red 
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and  the  line  SrS  in  the  blub,  which  latter  is  particularly  suited  for 
the  detection  of  strontium  in  the  presence  of  Ba  and  Ca. 

Celestine,  S02Sro",  heated  on  charcoal  in  the  reducing  flame,  is  converted  into 
strontic  sulphidej^  SrS,  from  which  the  chloride  may  be  prepared  for  blowpipe 
and  other  reactions,  by  treating  the  residue  with  hydrochloric  acid.  Strontic 
carbonate,  heated  in  a platinum  crucible,  over  a gas-blowpipe,  is  almost  com- 
pletely converted  into  oxide,  after  about  20  minutes’  heating. 

EEACTIONS  IN  THE  WET  WAT. 

A SOLUTION  OP  STRONTIC  CHLORIDE,  SrClo,  is  UScd. 

COAmoo  (gpoiip-reagcnt)  gives  a white  precipitate  of  strontic 
carbonate,  COSro",  less  soluble  in  ammonic  chloride  than  the 
corresponding  baric  carbonate  ; soluble  in  dilute  acids.  Carbonic  acid 
produces  the  soluble  dihydric  strontic  dicarbonate,  C202Ho2Sro", 
which  is  decomposed  on  boiling  into  normal  carbonate,  carbonic 
anhydride  and  water. 

CONao2  and  COK02,  same  precipitate. 

SO2H02,  or  a soluble  sulphate,  produces  a white  precipitate  of 
strontic  sulphate,  S02Sro".  From  dilute  solutions  a precipitate 
appears  only  after  some  time,  especially  if  calcic  sulphate  be  used 
as  the  precipitant.  Heat  assists  the  precipitation.  The  precipitate 
dissolves  perceptibly  in  hydrochloric  or  nitric  acid,  but  is  insoluble 
in  alcohol.  It  is  insoluble  also  on  boiling  in  a concentrated  solution 
of  ammonic  sulphate,  S02Amo2,  and  a little  ammonia,  (distinction 

BETWEEN  STRONTIUM  AND  CALCIUM.) 

A solution  of  strontic  sulphate  in  water  is  not  precipitated  by 
ammonic  oxalate,  but  readily  precipitates  baric  salts. 

POHoNao2  (hydric  disoiiic  phosphate)  gives  a toMte  precipitate  of 
iiydrlc  strontic  pliosphate,  soluble  in  acids,  including  acetic  acid. 

i CO  Amo  oxalate)  precipitates  strontic  salts  more  readily 

than  baric  salts.  The  lohite  precipitate  of  strontic  oxalate,  -|^  ^^Sro",  is 

readily  soluble  in  dilute  nitric  or  hydrochloric  acid ; somewhat  soluble  in 
ammonic  salts  ; hut  sparingly  soluble  in  oxalic  or  acetic  acid. 

QUESTIONS  AND  EXERCISES. 

1.  How  are  strontic  chloride  and  nitrate  prepared — 1st,  from  strontianite  ; 2nd, 

from  celestine  ? 

2.  Which  are  the  most  characteristic  reactions  for  strontium  *? 

3.  How  can  strontium  be  distinguished  from  barium? 

4.  How  can  strontium  he  separated  from  calcium  ? 


.3.  CALCIUM,  Ca".  Atomic  weight,  40. — Occurs  in  nature  in 
the  inineral,  vegetable,  and  animal  kingdom,  in  vast  masses,  in  com- 
bination with  carbonic,  sulphuric,  silicic  and  phosphoric  acids.  In 
plants  it  occurs  combined  with  carbonic,  sulphuric,  and  phosphoric 
acids ; in  animals  combined  with  phosphoric  and  carbonic  acids.  It 
is  occasionally  also  found  in  minerals  which  result  from  the  action 
of  acids  (such  as  nitric  or  arsenic  acid)  upon  calc  spar. 

The  principal  calcium  minerals  are  the  various  calcic  carbonates, 
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CALCIUM. 


differing  in  physical  properties  or  in  crystalline  structure,  such  as 
calc  spar,  COCao"  (containing  occasionally  barium,  magnesium, 
iron,  manganese,  lead,  in  Yariable  proportions,  and  passing  gradually 
into  baryto-calcite  and.  dolomite,  siderite,  diallogite,  andphinibo-calcite) , 
arragonite,  marble,  limestone,  c7mZ7c;.  the  sulphates,  such  as  gypsum, 
SHo4Cao'',  anhydnte,  SOoCao",  alabaster,  selenite ; the  phosphates, 

such  as  apatite,  P303Cao"4^^Ca"^,  bone-earth,  Pa02Cao"3;  and 

Jluor  spar,  CaFa. 

REACTIONS  IN  THE  DRY  WAY. 

Most  calcium  compounds,  when  heated  in  the  inner  flame  of  the 
blowpipe,  colour  the  outer  flame  ycll«wlsl«-rcrt ; calcic  phosphate 
and  boi'ate  excepted.  The  presence  of  strontium  entirely  obscui’es 
the  calcium  reaction.  The  lime  spectrum  shows,  among  other 
lines  in  the  red  and  yellow,  an  intensely  grccii  line,  Cs.13,  also  an 
intensely  oraiiprc  line,  Caa.  It  requires  a very  good  spectroscope 
to  see  the  faint  liiill^ro-liluc  line  to  the  right  of  G-  in  the  solar 
spectrum. 

Calcic  carbonate  wlien  strongly  ignited  becomes  converted  into  caustic  or 
quicklime,  CaO,  wbicli  reacts  alkaline.  It  combines  with  water  very  eagerly, 
evolving  much  heat,  and  is  converted  into  calcic  hydrate,  Calioo  (slaked  lime), 
which  is  less  soluble  in  water  than  either  haric  or  strontic  hydrate.  It  is  also 
more  soluble  in  cold  than  in  hot  water.  Calcic  sulphate  is  converted  into  calcic 
sulphide,  CaS,  when  ignited  on  charcoal  in  the  reducing  flame.  The  mass  reacts 
likewise  alkaline. 


REACTIONS  IN  THE  WET  AVAY. 


Calcic  salts  are  readily  prepared  from  jiure  calc  spar  or  marble, 
by  means  of  dilute  acids. 

A SOLUTION  OF  CALCIC  CHLORIDE,  CaClj,  is  used. 

COArnOa  (prroup-rcaprciit)  precipitates  white  calcic  carbonate, 
COCao",  which  is  bulky  and  amorphous  at  fii’st,  but  on  warming 
gently  becomes  rapidly  crystalline.  Calcic  carbonate  is  somewhat 
soluble  in  ammonic  chloride,  especially  when  freshly  precipitated. 
It  is  in  fact  partially  reconverted  on  boiling  into  calcic  chloride. 

CONaoa  and  COK02,  same  reaction. 


SOolIoo,  or  !i  soluble  sulpliate,  precipitates  fi’om  concentrated  solutions  of 
a calcic  salt  white  calcic  sulitliatc,  SOHo2Cao"  + Aq.,  soluble  in  m\ich  water, 
and  still  more  soluble  in  acids.  A precipitate  is  obtained  on  the  addition  of  twice 
the  volume  of  alcohol  from  solutions  which  are  too  dilute  to  bo  preci]3itated  by 
sulphuric  acid  or  a soluble  sulphate.  Calcic  sulphate  dissolves  readily  on  boiling 
in  a concentrated  solution  of  ammonic  sulpliate. 

A solution  of  calcic  sulphate  precipitates  both  baric  and  strontic  salts. 

POHoNa02  (Iiyrtric  disodic  iiliu.s|iliatc)  gives  a hulJcy  w/nie  precipitate  of 
trlcalcic  pbospbatc,  P202Cao"3,  soluble  in  dilute  hydrocliloric  or  nitric  acid, 
and  soluble  in  acetic  acid ; reisrecipitated  by  ammonia. 


{ COAmo  oxalate)  produces  even  from  very  dilute 

solutions  of  calcic  salts  a white  pidvendent  precipitate  of  calcic 
oxalate,  < QQCao"  + Aq.,  readily  soluble  in  hydrochloric  or  nitric 
acid ; not  perceptibly  soluble  in  oxalic  or  acetic  acid.  On  gentle 
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ignition  calcic  oxalate  breaks  up  into  calcic  carbonate,  and  carbonic 
oxide  gas,  and  on  igniting  very  strongly,  caustic  lime  is  left. 

Soluble  calcic  salts,  such  as  the  chloride  or  nitrate,  constitute  important 
reagents  for  the  detection  of  acids,  on  account  of  the  metal  calcium  forming 
insoluble  salts  with  many  acids. 


QUESTIONS  AND  EXERCISES. 

1.  Which  are  the  most  important  natural  lime  compounds  ? 

2.  Give  graphic  formulse  for  gypsum,  anhydrite,  calc  spar,Jluor  spar,  apatite. 

3.  Which  are  the  most  dehcate  reactions  for  calcium  in  the  wet  way  ? 

4.  Calculate  the  percentage  composition  of  hone  ash. 

Separation  of  Barium,  Strontium,  and  Calcium. — Barium  minerals 
frequently  contain  strontium  and  calcium,  and  strontium  minerals 
barium  and  calcium  as  well.  A method  of  separating  these  metals 
is  based  upon — 

1st.  The  itisolubility  of  BaCh  in  absolute  alcohol  (SrCh  and 
CaClo  being  soluble). 

2nd.  The  insolubility  of  N204Bao",  and  N204Sro"  in  absolute 
alcohol  (calcic  nitrate  being  soluble). 

A hydrochloric  acid  solution  of  the  mineral  containing  Ba  and  Sr,  or  Sr  aud 
Ca,  or  possibly  Ba,  Sr  and  Ca,  is  prepared,  and  the  solution  evaporated  to  dry- 
ness and  gently  ignited.  (Strong  igmtion  must  be  avoided,  as  CaCh  is  slightly 
decomposed  into  an  insoluble  basic  salt.) 

Barium  is  separated  from  strontium  and  calcium,  by  digesting  the  finely 
divided  residue  with  absolute  alcohol,  and  separating  the  undissolved  BaClj  by 
filtration. 

Strontium  is  separated  from  calcium  by  evaporating  or  distilling  oflf  the  abso- 
lute alcohol,  which  contains  the  SrCL  and  CaCl2 ; precipitating  with  COAmo2, 
filtering,  and  conversion  of  the  strontic  and  calcic  carbonates  into  nitrates  by 
means  of  dilute  nitric  acid.  The  solution  of  the  two  nitrates  is  evaporated  to 
dryness  on  a water-bath  and  absolute  alcohol  added,  when  calcic  nitrate  is 
dissolved  out,  strontic  nitrate  being  insoluble  in  absolute  alcohol. 

The  presence  of  these  metals  may  be  confirmed  by  setting  fire  to  the  alcoholic 
solution  containing  baric,  strontic,  or  calcic  chloride  (or  nitrate) ; the  alcohol  is 
seen  to  burn  with  the  characteristie  colour  observed  when  traces  of  these  salts 
were  heated  on  a platinum  wire. 

Several  other  methods  for  recognising  and  separating  the  metals 
of  Group  IV  will  suggest  themselves. 

It  is  often  useful  to  ascertain  whether  one  or  two,  or  all  the  metals  of  this 
group  are  present  in  a solution.  This  ean  be  done  by  adding  to  their  neutral 
solution  a solution  of  CrOoKo2,  or  2HF,SiP4.  A yellow  or  a transparent  crys- 
talline precipitate  indicates  barium.  To  a portion  of  the  filtrate  add  SOoCao"  ; 
a precipitate  forms  perhaps  only  after  some  time,  proving  the  presence  of  stron- 
tium ; or  the  solution  remains  clear,  in  which  case  ealcium  only  need  be  looked 
for,  the  presence  of  which  is  indicated  by  the  precipitate  wly^i  ammonic  oxalate 
produces  from  another  portion  of  the  largely  diluted  solutioiiMp  both  strontium 
and  calcium  are  present,  separation  becomes  desirable. 

No  difficulty  will  be  experienced  by  the  student  in  drawing  up 
schemes  of  analysis  based  upon — 
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1st.  The  insohibility  o/BaCh  and  N204Sro"  in  absolute  alcohol. 
2nd.  The  insolubility  of  BaCh  in  absolute  alcohol  and  that  of 
SO^Sro"  m a concentrated  solution  of  S02Amo3. 

3rd.  The  insolubility  of  BaF2,SiF4,  or  CrOjBao",  as  ivell  as  of 
SOaSro",  in  water ; calcic  sulphate  being  sufficiently  soluble 
to  be  readily  indicated  by  ammonic  oxalate. 

PRACTICAL  EXERCISES*  OX  G-ROUPS  IV  AND  V. 

You  are  requested  to  analyse — 

1.  A solution  of  salts  of  the  metals  K,  Mg,  and  Ba. 

2.  A mixture  (about  -5  grm.)  of  the  solid  salts  NaCl,  SrCL,  and  magnesia  alba 

(C;,H04Mg0"4). 

3.  A mixture  of  the  solid  salts  AmCl,  BaCL,  and  COCao". 

4.  A mixture  of  the  salts  AmCl  and  SOjMgo". 

5.  A mixture  containing  finely  powdered  marble,  baric  carbonate,  and  common 

salt. 

G.  A solution  of  BaCL  and  SrCL,  containing  -010  grm.  of  Ba  and  TOO  gi-m. 
of  Sr. 

7.  A solution  of  NaCl,  KCl,  and  Mg-Ch,  containing  -020  grm.  of  K,  -200  grm. 
of  Na,  and  ’050  grm.  of  Mg. 

R.  A solution  of  SrCL  and  CaCL,  containing  -050  grm.  of  Sr,  and  -500  grm. 
of  Ca. 


Chapter  IV, 

REACTIONS  OF  THE  METALS  OF  GROUP  III,  OR 
AMMONIC  SULPHIDE  GROUP. 

Group  III  comiH'ises  the  metals  Nickel,  Cobalt,  Manganese,  Zinc, 
Iron,  Chromium,  Aluminium,  likewise  the  phosphates  of  these  metals, 
and  of  Magnesium,  Barium,  Strontium,  and  Calcium. 

1.  Add  to  a solutionf  containing  N204Coo",Fe3Cl|;,  and  calcic  phospbate, 
dissolved  in  a little  dilute  liydrocbloric  acid,  a concentrated  solution  of  ammonic 
chloride,  and  tben  ammonia.  A precipitate  is  produced.  Filter,  and  add  to  tbe 
filtrate  ammonic  sulphide.  A further  precipitation  takes  place  ; the  precipitate 
is  black. 

This  shows  that  some  members  of  this  group/  are  precipitated  by 
AmGl  and  AmHo  ; others  only  on  the  addition  of  SAtWa. 

2.  Add  to  a solution  of  I'e2C]5,  CrjClj,  and  ALjClj,  ammonic  chloride  and 
ammonia,  tUl  it  is  just  distinctly  ammoniaeal,  and  boil  for  a few  minutes.  A 
bulky  gelatinous  precijjitate  is  obtained.  Filter.  Add  to  the  clear  filtrate  a few 
drops  of  ammonic  sulphide  : no  further  precipitation  takes  place. 


* As  a control  upon  the  work  done  in  a laboratory,  the  analytical  results 
should  be  carefully  recorded  by  the  student  (as  far  as  possible,  in  a tabular  form), 
and  should  be  diatessed  and  corrected,  if  necessary.  By  these  means  only  it  is 
possible  to  conijwand  direct  the  analytical  studies  of  a large  class. 

t SolutioiB^utaining  ‘005  grm.  of  the  metal  in  every  c.c.  are  readily  ]ire- 
pared,  and  sit^ld  bo  kept  for  use.  5 c.c.  of  each  solution  will  bo  found  a 
convenient  quantity. 
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Showing  that  Iron,  Chromium,  and  Aluminium  are  precipitated 
{as  hydrates)  from  their  saline  solutions  hy  AmCl  and  AmHo  alone, 
ivithout  the  aid  of  (Ammonic  chloride  has  no  share  in  the 

precipitation,  but  counteracts  the  solubility  of  the  aluminic  hydrate 
in  excess  of  the  precipitant,  and  prevents  the  precipitation  of 
magnesium  as  hydrate,  if  present  in  a solution.) 

3.  Dissolve  some  baric,  strontic,  calcic,  and  magnesic  phosphates  in  dilute 
liydrochloric  acid,  and  cautiously  add  to  the  solution  ammonia.  No  precipitate 
is  produced  till  the  free  acid  has  been  neutralised  (with  formation  of  ammonic 
chloride),  when  the  phosphates  are  reprecipitated.  Filter  and  add  ammonic  sul- 
phide to  the  filtrate.  No  further  precipitation  takes  place. 

This  shows  that  the  phosphates  of  the  alkaline  earthy  metals  are 
precipitated  by  ammonia  alone. 

4.  Dissolve  some  phosphates  of  Ni,  Co,  Mn,  Zn,  and  Fe'''  in  dilute  hydro- 
chloric acid.*  To  one  portion  of  the  solution  add  ammonic  chloride  and  ammonia. 
A precipitate  is  formed.  The  phosphates  are  reprecipitated.  Filter  and  add 
ammonic  sulphide ; a further  precipitate  is  produced. 

Showing  that  the  phosphates  of  these  metals  are  not  entirely  pre- 
■cipitated  by  ammonic  chloride  and  ammonia. 

Thus  far  it  will  be  seen  that  these  two  reagents  precipitate  : — 


Nickelous  phosphate 

Chromic  phosphate 

Cobaltous  „ 

Aluminic  ,, 

Manganous  ,, 

Baric  „ 

Zincic  „ 

Strontic  ,, 

Ferric  „ 

Calcic  „ 

Ferric  hydrate 
Chromic  ,, 
Aluminic  „ 

Magnesic  „ 

5.  To  a solution  of  S02Nio",  N3O4C00",  S02Zno",  and  MnCl2  (free  from 
Fe),  add  AmCl  in  considerable  excess,  and  then  AmHo  in  slight  excess.  No 
precipitate  is  obtained,  the  precipitate  first  produced  by  AmHo  being  soluble  in 
the  ammonic  salt.  To  one  portion  of  the  solution  add  strong  sulphuretted 
hydrogen  water  (or  pass  a current  of  sulphuretted  hydrogen  gas)  ; a copious 
precipitate  is  produced,  consisting  of  NiS  and  CoS  (black),  ZnS  (white),  and 
MnS  (pale  pink). 

This  shows  that  Nickel,  Cobalt,  Manganese,  and  Zinc  salts  are 
not  precipitated  by  AmCl  and  AmHo,  but  by  SAmz. 

On  exposing  the  other  portion  of  tlie  solution  for  some  time  to  the  air,  it  is 
seen  to  turn  turbid  w here  it  is  in  contact  with  the  ah.  Heat  and  shake  the 
solution  and  the  turbidity  increases  rapidly. 

Showing  that  AmCl  and  AmHo  produce,  under  favourable  con- 
ditions, a partial  precipitation. 

portion  of  the  solution  of  the  phosphates  of  Ni,  Co,  Mn,  Zn, 
and  fie  (see  4),  add  AmCl,  AmHo,  and  SAni2,  without  first  separating  by  filtra- 


This  solution  may  also  be  prepared 
solutions  of  the  above  metals  as  long  as 
precipitate  in  a httle  hydrochloric  acid. 


by  adding  hydric  disodic  phosphate  to 
a precipitate  forms,  and  dissolving  the 
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tion,  the  precipitate  produced  by  AmCl  and  AmHo.  The  Phosphates  of 
Lo,  JMi,  Mn,  Zn,  and  Fe,  which  may  be  present  iu  the  hydrochloric  acid  solu- 
tion, aee  DECOMPOSED  INTO  ^SULPHIDES,  AND  AMMONIO  PHOSPHATE  IS  LEFT  IN 
SOLUTION. 

^ solution  of  FejClu  add  AmCl  and  AmHo.  A reddish-brown  precipi- 
tate of  feri’ic  hydrate,  FeoHoo,  is  jiroduced,  which  on  the  addition  of  SAmo  turns 
instantaneously  black. 

This  shows  that  iron  is  first  precipitated  as  hydrate,  and  is 
subsequently  converted  into  sulphide.  Chromic  and  aluminic  chlorides 
are  precipitated  under  the  same  circumstances  as  hydi’ates,  but 
they  form  no  sulphides  in  the  wet  way. 

It  will  thus  be  seen  that  the  group-reagents  AmOl  and  AmHo, 
for  reasons  stated  under  4 and  5,  cannot  thoroughly  separate  some 
of  the  members  of  Group  III  from  others,  and  that  SAm^  should 
invariably  be  added  as  well.  The  three  reagents*  precipi- 
tate : — 

1.  Sur-PHIDES — 

NiS  black 
CoS  black 
MnS  pale  pink 
ZnS  white 
FeS  black. 

2.  Hydrates — 

CrjHoe  green 
Al.jHoo  white. 

3.  Phosphates  of  Cr,  Al,  Ba,  Sr,  Ca,  and  Mg. 


NICKEL,  Hi"  and  Atomic  weight,  58‘8. — Occurs  in  nature 
as  SULPHIDE,  NiS",  in  capillary  pyrites,  hair  nichel,  or  millerite ; as 

* Add  AmHo  to  a solution  of  baric,  strontic,  calcic  (and  magnosic)  oxalates  in 
dilute  hydrochloric  acid,  as  long  as  awliite  j)recipitate  is  obtained.  The  oxalates 
of  the  alkaline  eartlis  are  rcjirecipitated  more  or  less  completely  as  soon  as  the 
hydrochloric  acid  whicli  (as  in  the  case  uf  the  corresponding  phosphates)  holds 
them  in  solution  is  completely  neutralised. 

The  same  applies  to  the  fluorides,  borates,  tartrates,  citrates,  &c.,  of  these 
earthy  bases,  whiclv  are  precipitated  by  AmHo,  although  in  the  presence  of  much 
AmCi  they  are  to  a great  extent  held  in  solution. 

Silicic  acid  and  silicates,  soluble  in  liydrochloric  acid,  are  likewise  acted  upon 
by  AmCl  and  AmHo,  gelatinous  silica,  and  sUieates,  being  ijrecipitated. 

In  order  to  avoid  complicatihg  the  qualitative  course,  it  is  usually  preferred 
to  evaporate  the  hydrochloric  acid  filtrate  from  Group  II  to  complete  dryness, 
with  the  addition,  towards  tlie  end  of  tlio  evaporation,  of  a little  concentrated 
nitric  acid,  whenever  AmCl  and  AmHo  produce  a precipitate.  By  these  means 
silicic  anhydride,  SiOg,  is  left  behind  insoluble  in  acids;  the  fluorides  and 
borates  are  for  the  most  part  decomposed  ; boric  and  hydrofluoric  acid  being 
set  free  or  volatilized.  Oxalates  are  destroyed  with  evolution  of  carbonic  anhy- 
dride by  the  oxidizing  action  of  the  nitric  acid  ; and  tartrates,  etc.,  are  broken  up 
by  gentle  ignition  into  carbon  and  volatile  gaseous  jjrodiicts  ; fen’ous  salts  are 
converted  into  ferric  salts,  and  on  extracting  the  ignited  residue  with  a little 
concentrated  hydrochloric  acid,  the  metals  are  obtained  in  solution  as  chlorides, 
together  only  with  the  phospliates  of  the  alkaline  eartlis,  earthy  and  metallic 
bases. 


NICKEL. 


2a 


f ''As' 

ABSENIDE,  in  arsmical  nichel,  < copper  nickel, 

f'As"Ni"  • / 'Sb"M"  .77  u-  A 

I 'As"M"  ’ atimonidb,  in  < 'gb"]Sri"’  nickel,  combined 

_ f"As' 

witli  SULPHIDE,  as  in  nickel  glance  or  grey  nickel  ore,  < „^g,Ni,Ni‘^S2r 

r "gl)' 

as  antimony  nickel  glance,  < „gj^(Ni,Ni*'^S2;  also  in  tlie  form  of 

minerals,  whicli  are  the  result  of  the  oxidation  of  other  nickel 
minerals,  e.g.,  as  nickel  ochre,  As202Nio"s,  and  emerald  nickel, 
C(0Ni"Ho)2Nio",5OH2. 


REACTIONS  IN  THE  DRY  WAT. 

When  nickel  compounds  are  heated  on  charcoal  with  dry  sodic 
carbonate  in  the  inner  blowpipe  flame,  they  are  reduced  to  a grey 
metallic  powder  which  is  magnetic.  Heated  on  a borax  bead,  in  the 
outer  flame,  nickel  compounds  yield  an  intensely  coloured  glass, 
which  appears  hyaclutli-red  to  violet-brown  when  hot,  and  yellowlsli 
to  sherry-red  when  cold  (according  to  the  quantity  of  nickel 
present) . On  fusing  a little  nitre  in  the  bead,  the  colour  is  changed 
to  blue  or  dark  purple,  whereby  nickel  compounds  may  be  distin- 
guished from  iron.  Heated  in  the  reducing  flame  the  colour  dis- 
appears, and  the  bead  assumes  a turbid  grey  appearance,  owing  to 
finely  divided  particles  of  metallic  nickel.  The  reactions  with 
microcosmic  salt  are  similar,  but  the  bead  becomes  almost  colour- 
less when  cold. 

REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OP  NICKELOUS  SULPHATE,  SO2M0",  = 802(02^11)"  is 
employed. 

Solutions  of  salts  of  nickel  are  generally  green  ; those  of  cobalt  red.  A.  solu- 
tion of  cobaltous  chloride  turns  line  on  heating.  A.  solution  of  both  a nickel 
and  a cobalt  salt  is  red,  green,  or  colourless,  according  to  the  quantities  present 
of  each  of  the  metals  in  solution. 

SAma  (grouii-reagciit)  gives  a black  precipitate  of  nickelous 
sulphide,  NiS,  slightly  soluble  iu  excess  of  the  reagent,  especially 
in  the  presence  of  free  ammonia  or  of  yellow  ammonic  sulphide, 
forming  a dark  brown  solution,  whence  the  sulphide  is  reprecipi- 
tated on  boiling.  The  presence  of  ammonic  chloride  (or  better 
still,  ammonic  acetate)  assists  the  precipitation.  Nickelous  sulphide 
dissolves  with  difiiculty  in  dilute  hydrochloric  acid,  readily  in  nitric 
acid  or  aqua  regia,  and  is  but  slightly  soluble  in  acetic  acid. 

gives  no  precipitate  in  acid  solution,  and  a partial  precipitate  only  from 
a salt  of  nickel  with  a mineral  acid  ; but  produces  readily  a precipitate  from  a 
solution  of  nickelous  acetate,  or  a nickelous  salt  mixed  with  an  alkaline  acetate, 
especially  on  heating. 

NaHo  ^ or  KHo  precipitates  an  a'pple-green  hydrate,  NiHoj, 
insoluble  in  excess,  soluble  in  ammonic  salts  to  a greenish-blue 
fluid.  Nickelous  hydrate  leaves  on  ignition  nickelous  oxide.  It 
does  not  absorb  oxygen  from  the  air. 
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COBALT. 


AmHo  produces  a slight  greenish  precipitate,  readily  soluble  to  a blue  fluid. 
No  precipitate  in  presence  of  amnionic  chloride. 

CONaoo  precipitates  an  apple-green  basic  carbonate,  varying  in  composi- 
tion. 

COAmoj  same  precipitate,  readily  soluble  in  excess,  when  filtered  and  washed, 
to  a greenish-blue  solution. 

KCy  (free  from  cyanate  (CyKo)  and  carbonate*)  gives  a 
yellowish-green  precipitate  of  nickclous  cyanide,  NiCy2,  wbicli 
dissolves  readily  in  excess  of  potassic  cyanide  to  a brownish- 
yellow  solution,  containing  a double  cyanide  of  nickel  and  potas- 
sium, 2KCy,NiCy2.  On  adding  a dilute  acid  (HCl  or  SO2H02), 
NiCy2  is  reprecipitated,  and  KCy  is  decomposed  with  evolution  of 
HCy.  Boiling  with  hydrochloric  acid  decomposes  the  nickelous 
cyanide  likewise. 

The  solution  of  the  double  cyanide  is  not  altered  by  boiling  with 
excess  of  HCy,  but  the  nickelous  salt  is  oxidized  iu  the  cold  by 
chlorine,  or  on  the  addition  of  a concentrated  solution  of  sodic 
hypochlorite,  ClNao,  to  hlach  nlckclic  hyrtratc,  'Ni^aHoe,  which  is 
gradually  precipitated,  thus  : — 

2NiCy2  + ClNao  -|-  5OH2  = NijHoo  + NaCl  -f  4HCy. 

Nickelic  hydrate  may  also  be  obtained  by  passing  chlorine 
through  water  in  which  nickelous  hydrate  is  suspended.  HCl 
decomposes  the  tetrad  nickel  compound  into  nickelous  chloride  and 
free  chlorine.  Nickelic  oxide,  Ni203,  obtained  by  igniting  the 
hydrate,  or  by  keeping  the  nitrate  at  a temperature  of  about  200°  C., 
is  a black  substance,  scarcely  soluble  in  boiling  acetic  acid. 

QUESTIONS  AND  EXEECISES. 

1.  Express  in  symbolic  equations  tlio  reactions  for  nickel  in  the  wet  way. 

2.  State  which  arc  the  ])rincipal  nickel  minerals,  and  translate  into  graphic 

formula)  the  constitutional  formula)  of  emerald  nickel,  antimony  nickel, 
nickelous  nitrate  and  arsenate. 

3.  Calculate  the  percentage  composition  of  capillary  pyrites. 


COBALT,  Co"  and  Atomic  weight,  58’8. — Occurs  in  nature 

r CoS" 

as  SULPHIDE  or  cohalt  pyrites,  CO2S3  or  1 CoS"^ ' ’ 


as  arsenide 


in  < ’ tin-white  cobalt  or  smaltine  (speiss  cohalt'),  as  sulph- 

f "As' 

ARSENIDE,  or  cohalt  glance,  < //j^g(Co",Co*'^S2 ; also  in  the  form  of 

products  of  oxidation,  such,  as  cohalt  vitriol,  SOHo2Coo",60H2,  as 
corsenate,  As202Coo"3,80H2,  in  cohalt  hloom,  and  generally  in  small 
quantity  in  nickel  and  iron  ores. 


* It  is  preferable  to  add  hydrocyanic  (prussic)  acid,  IlCy,  to  a neutral  solu- 
tion of  a nickelous  salt,  and  then  KHo  drop  by  drop,  till  the  yellowish-green  ])re- 
cipitate  is  redissolved.  Great  caution  has  to  be  observed  on  account  of  the  highly 
poisonous  nature  of  HOy. 


COBALT. 
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REACTIONS  IN  THE  DRY  WAT. 

Cobalt  is  usually  detected  with  comparative  facility.  Cobalt 
minerals  containing  sulphur  or  arsenic  are  roasted  on  charcoal,  or  in 
a glass  tube,  when  sulphurous  and  arsenious  anhydrides  are  evolved. 
The  residue  is  then  introduced  into  a borax  bead,  and  heated  in  the 
outer  flame,  when  a fi7ie  blue,  so-called  cobalt  glass,  is  obtained. 
This  colour  remains  the  same  both  in  the  outer  and  inner,  or  reducing 
flame.  In  cases  where  much  Mn,  Fe,  Cu,  or  Ni  are  mixed  with  Co, 
the  blue  appears  distinctly  only  after  the  bead  has  been  heated  for 
some  time  in  the  reducing  flame.  Microcosinic  salt  gives  the  same 
blue  bead.  Heated  on  charcoal,  with  sodic  carbonate,  in  the  reducing 
flame,  cobalt  separates  as  a grey  metallic  powder  which  is  attracted 
by  the  magnet. 


REACTIONS  IN  THE  WET  WAT. 

NO 

A SOLUTION  OP  COBALTOUS  NITRATE,  jq-Q^Coo",  is  USed. 

SAmj  (group-reagent)  gives  a blade  precipitate  of  cobaltous 
sulphide,  CoS,  insoluble  in  excess  of  the  reagent,  scarcely  soluble  in 
acetic  acid,  and  very  difficultly  soluble  in  dilute  hydrochloric  or 
sulphuiuc  acid,  but  readily  soluble  in  aqua  regia  upon  the  applica- 
tion of  heat.  Hence  a black  residue  left,  on  treating  the  ammonic 
sulphide  precipitate  of  Group  III  vrith  dilute  hydrochloric  acid, 
indicates  probably  the  presence  of  cobaltous  or  nickelous  sulphide. 

SHj  gives  no  precipitate  from  an  acid  solution,  but  precipitates  cobaltous 
sulphide  partially  from  a neutral  solution,  and  wboUy  from  a solution  of  cobaltous 
acetate,  or  from  a solution  of  a cobaltous  salt  containing  a mineral  acid,  on  the 
addition  of  an  alkaline  acetate,  and  upon  heating. 

KHo  or  NaHo  gives  a precipitate  of  a blue  basic  salt,  which 
turns  olive-gi‘een  on  exposure  to  air,  owing  to  the  absorption  of 
heating,  a rose-red  cobaltous  hydrate,  C0H02,  is  obtained, 
which,  however,  contains  mostly  a small  amount  of  dark  brown 
cobaltic  hydrate.  Ammonic  carbonate  dissolves  the  precipitate 
(after  filtration  and  washing)  to  an  intensely  violet-red  fluid. 

By  suspending  cobaltous  hydrate  in  water,  and  passing  a current 
of  chlorine  into  it,  black  cobaltic  hydrate  is  precipitated,  whilst 
cobaltous  chloride  remains  in  solution, -thus  : — 

3C0H02  -I-  Cla  = CO2H0G  + C0CI2. 

Cobaltic 

hydrate. 

In  the  presence  of  an  alkali  (HaHo)  the  whole  of  the  cobaltous 
hydrate  is  converted  into  cobaltic  hydrate. 

AmHo  produces  in  neutral  solutions  a slight  precipitate  of  a basic  salt, 
which  dissolves  readily  in  excess.  The  solution  is  reddish-brown.  Ammonic 
chloride  prevents  the  precipitation  altogether.  .The  solution  absorbs  oxygen  from 
the  air,  and  becomes  red  on  standing. 

CONaoo  precipitates  & feach  coloured  basic  carbonate. 

COAmo2,  same  precipitate ; readily  soluble,  however,  in  excess,  to  a red 
solution. 
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SEPARATION  OF  NICKEL  FROM  COBALT. 


KCy  gives  with  all  normal  cobaltous  salts  a hrownish-whiie  pre- 
cipitate of  cobaltous  cyanide,  CoCy2,  soluble  in  excess,  reprecipitated 
by  dilute  hydrochloric  or  sulphuric  acid. 

If  the  cobaltous  solution,  however,  contains  free  acid,  so  as  to 
liberate  hydrocyanic  acid  by  the  action  of  the  latter  upon  the  excess 
of  KCy,  and  if  the  solution  containing  the  double  cyanide  2 KCy, 
CoCya,  be  heated  for  some  time,  dilute  hydrochloric  or  sulphuric 
acid  no  longer  produces  a precipitate,  the  whole  of  the  cobaltous 
cyanide ' having  been  converted  into  cobaltic  cyanide,  'Co"'2Cyc, 
which  remains  combined  with  6KCy  to  fofm  a well  defined  and 
stable  salt,  called  potassic  cobaltlcyaiiide,  KoCojCyio,  hydrogen 
being  evolved,  thus  : — 

2CoCy3  + 2HCy  = Co.,Cy6  -h  Hj. 

6KCy  -h  COoCyo  = KcCojCyij. 

Potassic 

cobalticyanido. 

This  salt  is  not  acted  upon  by  sodic  hypochlorite  in  the  cold. 


Separation  of  Nichel  from  Gohalt.~lt  is  obvious  that  the  hydro- 
cyanic acid  reaction  is  a method  of  separation  of  nickel  from  cobalt. 
— To  a neutral  solution  of  the  two  salts  add  cautiously,  drop  by  ^ 
drop,  a solution  of  potassic  cyanide  as  long  as  a precipitate  forms, 
and  till  the  precipitate  is  just  redissolved  and  the  yellowish- 
brown  turbid  liquid  has  become  clear.  Heat  gently  for  some  time 
in  a well-ventilated  closet,  allow  to  cool,  and  add  a concentrated 
solution  of  sodic  hypochlorite.  NiaHoo  is  precipitated  in  the  £old, 
aud  cobalt  remains  in  solution,  as  KsCosOyia.  Sejoarate  by  filtra- 
tion. Test  the  residue  before  the  blowpipe  for  nickel  and  evaporate 
the  solution  to  dryness,  and  test  for  cobalt  by  means  of  a borax 
bead. 

Instead  of  soparnting  nickel  as  NioIIoo  by  means  of  ClNao,  the  solution,  after 
digesting  with  excess  of  HCy,  or  KCy,  may  also  be  precmitatod  whilst  hot,  with 
finely  divided  freslily  precipitated  mercuric  uxidc.  On  digesting  for  a short 
time  at  a gentle  heat,  the  whole  of  the  nickel  is  precipitated,  partly  ns  Nitloo, 
partly  as  NiCya,  the  mercury  combining  with  the  Uberated  cyanogen.  Filter 
off  the  greenish  or  yellowish-greg  precipitate,  wash,  and  ignite.  Piu-c  NiO  is 
left ; thus  : — 

(1)  2NiCyo  + xHgO  -I-  OHo  = HgCys  + NiHo3,NiCy2  + x - IHgO. 

Greenish 

precipitate. 


(2)  NiHo2,NiCy2  + HgO  = 2NiO  + Hg:Cy2  + OIL. 

Volatile 
on  ignition. 


The  cobalt  remains  in  the  solution  as  Kf,Co2Cyi2.  Nearly  neutralize  with 
dilute  nitric  acid,  and  add  a neutral  solution  of  mercurous  nitrate,  N.jO^HgaO 
A wliite  precipitate  of  mcrcHi;ou.s  cobalticyaiilrtc,  (Hg  2)3002^^12,  toims, 
which  contains  the  whole  of  the  cobalt.  Filter,  wash,  and  iginte  under  a hood 
with  free  access  of  air,  when  tricobaltic  tetroxiilc,  CoaO„  is  lelt. 

Another  method  of  separation  consists  in  adding  a concentrated  solution  ot 
NOKo  (potasHlc  nitrite)  in  coiisiderablo  excess  to  a concentrated  normal 


SEPARATION  OF  NICKEL  FROM  COBALT. 
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solution  of  the  two  metals,  then  acetic  acid  in  sufficient  quantity  to  freely  re- 
dissolve the  precipitate,  which  is  at  first  produced  by  the  free  KHo  and  COK02 
contained  in  the  NOKo.  On  keeping  the  solution  in  a moderately  warm  place, 
the  nickel  salt  remams  in  solution,  and  the  whole  of  the  cobalt  separates  in 
the  foiTU  of  a crystalline  precipitate  of  a fine  yellow  colour  (from  a dilute 
solution  only  after  long  standing),  the  formation  of  which  is  expressed  by  the 
equation  : — 

2]^q=Coo"  + 14NOKO  + + OHo  = NeOeCosOvS 

Yellow 

6NOKo,30Ho  + 4NO,Ko  + + NjOj. 

precipitate. 

The  precipitate  is  perceptibly  soluble  in  cold,  and  more  readily  still  in  hot 
water ; it  is  decomposed  by  hot  nitric  or  hydrochloric  acid,  or  by  potassic  hydrate  ; 
insoluble  in  alcohol ; insoluble  in  the  presence  of  potassic  acetate ; and  it  can 
therefore  be  washed  by  a solution  of  potassic  acetate,  and  finally  with  alcohol. 
This  EEACTION  SBPAEATES  NICKEL  FEOM  COBALT  VEST  EFEECTTTALLT. 

From  the  filtrate  the  nickel  is  best  precipitated  as  an  apple-green  basic  car- 
bonate by  a fixed  alkahne  carbonate. 

The  presence  of  Ba,  Sr  or  Ca  salt  interferes  with  the  reaction,  as  it  gives 
rise  to  the  precipitation  of  triple  nitrites  of  Co,  Ni  and  another  metal. 

On  igniting  a small  quantity  of  N204Nio",  a dirty  greyish  powder  of  NiO  is  left. 
Ignite  next  II2O4C00"  gently  (202°  C.),  and  black  cobaltous  dicobaltic  tetroxide,. 

’ CO3O4  = QqqCoo",  is  left,  which  is  not  soluble  in  boiling  dilute  acetic  acid. 

On  treating  this  oxide  with  hydrochloric  acid,  chlorine  gas  is  evolved,  according 
to  the  equation  : — 

C03O4  -1-  8HC1  = 3C0CI2  + CI2  -t-  4OH2. 

Both  nickel  and  cobalt  are  capable  of  forming  compounds  in  which  the  metals 
exist  a tetrad  condition,  viz., 

NiaOa,  or|^^QO,  and  C02O3,  or  |coO®> 

Nickelic  Cobaltic  Cobaltic 

oxide.  oxide,  sulphide. 

Ni203  is,  however,  mostly  obtained  in  the  wet  way  by  the  action  of  oxidizing 
agents,  and  cannot  exist  at  a high  temperature. 

C03O4,  on  the  other  hand,  is  obtained  in  the  dry  way,  or  on  gentle  ignition  of 
cobaltous  salts  containing  volatile  acids,  and  gives  up  a portion  of  its  oxygen 
only  on  strong  ignition. 

The  same  tendency  to  fonn  a compound  in  which  cobalt  exists  as  a tetrad 
element,  is  observed  on  exposing  the  freshly-precipitated  hydrate  to  the  air,  or 
on  passing  chlorine  or  adding  bromine  or  iodine  to  cobaltous  solutions. 

Little  use  is,  however,  made  of  these  reactions  beyond  the  conversion  of 
CoCy2  into  Co2C'ye,  in  the  presence  of  potassic  cyanide,  or  of  CoO  into  C02O3  in 
the  potassic  nitrite  reaction. 


QUESTIONS  AND  EXERCISES. 

1.  Translate  into  graphic  formulte  the  constitutional  formulae  of  cohalt  pyrites, 

cobalt  vitriol,  cobalt  bloom,  cobaltic  cyaiiulc. 

2.  How  is  Co  separated  from  Ni  ? 

3.  2 grms.  of  an  ore  containing  Ni  and  Co  yield  -221  grm.  of  NiO  and  -1575 

grm.  of  C03O4 ; what  is  the  percentage  of  Ni  and  Co  in  the  ore  ? 

4.  How  would  you  prepare  potassic  cobalticyanide  ? 
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MANGANESE. 


MANGANESE,  Mn",  and  Atomic  weight,  55. — Occurs 
in  nature  mainly  in  the  state  of  Oxides,  of  which  the  mineral 
pyrolusite,  Mn'^^Oo,  is  the  most  important.  It  is  found  in  small 
quantities  in  many  iron  ores,  and  is  a frequent  constituent  of  sili- 
cates : the  MnO  replacing  the  isomorphous  bases,  FeO,  ZnO,  MgO, 
CaO,  without  altering  the  crystalline  structure  of  the  minerals.  It 
•exists  both  in  the  dyad  and  tetrad  condition  in  manganous  and  man- 
ganic oxides.  The  Anhydrous  Oxides  known,  besides  pyrolusite, 

are  hraunite,  MnOMno",  or  Mni'^^Oa,  liausmannite, 

Mni^aOi ; the  Hydrates  are  : manganite,  | psilomelane. 


3VEnOTTn  TVTYiTTn 

^ Mno"(02Mn*^Ho2)'', 

fMnHoa  ^ 

copper  ma/ngan,  < O Cuo".  Manganese  is  found  in  combina- 
[MnHoa 

tion  with  sulphur,  in  manganese  blende,  MnS ; with  carbonic  acid, 
in  diallogite,  COMno"  ; with  silica,  in  red  manganese  or  mangan 
Iciesel  {rhodonite),  SiOMno",  and  in  tephroite,  SiMno''2;  with  PHOS- 
PHORIC acid,  as  triplite,  P20Mno"2Feo"2. 


EXAMINATION  IN  THE  DRY  WAY. 

The  presence  of  manganese  is  readily  detected  in  minerals  which 
contain  no  other  oxides  capable  of  colouring  fluxes,  as  they  dissolve 
when  heated  in  the  oiUer  flame,  in  the  borax  bead,  or  in  a bead  of 
microcosmic  salt,  to  a clear  violet-red  pearl,  which  becomes  of  a fine 
ainctliyst  colour  on  cooling.  The  bead  becomes  colourless  when 
heated  in  the  redwing  flame.  If  other  metallic  oxides  are  present, 
it  is  prefei’able  to  mix  a small  trace  of  the  finely  ]iowdered  man- 
ganese compound  with  two  or  three  times  its  weight  of  sodic  carbo- 
nate (a  little  nitre  may  likewise  be  added),  and  to  fuse  on  platinum 
foil  (a  small  platinum  spoon  or  the  lid  of  a platinum  crucible)  in 
the  oxidising  flame,  when  a blulsli-grccn  mass  is  left  after  cooling, 
consisting  of  souic  niaugaiiate,  Mn02hTao2.  The  mass  at  the  same 
time  loses  its  transparency.  This  forms  the  most  characteristic 
reaction  for  Manganese.  Manganous  and  manganic  oxides  are 
converted  into  a higher  oxide,  Mn''‘03,  in  which  Mn  exists  as  a 
he.Yad. 

EXAMINATION  IN  THE  WET  WAY. 

All  the  higher  oxides  of  manganese,  when  heated  with  hydro- 
chloric acid,  evolve  chlorine,  and  are  converted  into  manganous 
chloride.  The  chlorine  so  evolved  becomes  the  measure  of  the 
amount  of  Mn02  present  in  a manganese  ore. 

A SOLUTION  OF  MANGAN  (JUS  CHLORIDE,  MnCh  (free  from  Fe)  may 
be  employed. 

Solutions  of  pure  manganous  sails  (free  from  manganate  or  permanganate) 
are  colourless. 


PEROXIDES  OF  MANGANESE. 
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a Am.  (group-reagcMt)  gives  & flesh-coloured  precipitate  of  man- 
ganous sulphide,  MnS,  readily  soluble  in  dilute  acids,  even  acetic 
acid.  Hence  the  presence  of  free  acetic  acid  prevents  the  precipita- 
tion of  manganese  (method  of  distinguishing  Co  and Ni  from  Mn). 
The  manganese  may  be  separated  by  repeating  once  or  twice  tlie 
precipitation  of  cobalt  and  nickel  in  the  presence  of  acetic  acid. 

SHa  does  not  precipitate  a neutral  solution  of  a manganous  salt ; the  acetate 
even  is  precipitated  very  slowly  and  imperfectly,  and  not  at  aU  when  free  acetic 
acid  is  present. 

KHo  or  NaHo  gives  a %vhite  precipitate  of  manganous  hydrate, 
MnHoa,  insoluble  in  excess.  The  precipitate  speedily  absorbs 
oxygen  from  the  air,  and  turns  dark  brown  with  formation  of 

/ when  it  no  longer  dissolves  completely  in  ammonic 

I MnOHo’  “ 


AmHo  precipitates  a white  hydrate  from  neutral  solutions ; in- 
soluble in  excess,  or  in  ammonic  carbonate. 

Ho  precipitate  is  produced  in  solutions  containing  ammonic 
chloride.  On  exposing  an  ammoniacal  solution  of  the  soluble 
double  chloride,  2AmCl,MnCl2,  to  the  action  of  the  air,  the  whole 
of  the  manganese  is  gradually  precipitated  as  dark  brown  dlman- 


manganese  compounds. 

AmHo  conveys  in  this  change  oxygen  to  the  manganous  salt  in  a manner 
similar  to  the  action  it  has  upon  cobaltous  salts,  or  upon  metallic  copper,  in  the 
presence  of  oxygen  or  air. 

Owing  to  this  tendency  of  manganous  salts  to  become  oxidized  and  precipi- 
tated in  the  presence  of  AmHo,  it  is  all  but  impossible  to  separate  manganous 
from  ferric  salts  by  means  of  AmCl  and  AmHo.  The  reddish-brown  ferric 

hydrate,  which  is  precipitated,  invariably  cari’ies  down  more  or  ; 

and  small  quantities  of  manganese  cannot,  therefore,  he  separated  from  iron  hy 
precipitation  with  AmCl  and  AmHo.  The  separation  succeeds  best  if  the  excess 
of  ammonia  is  immediately  boiled  off. 

CONaoj  or  COKoj  precipitates  vjhite  manganous  carlionate,  COMno", 
insoluble  in  excess  of  the  reagent,  but  pretty  readily  soluble  in  ammonic  chloride. 
This  precipitate  absorbs  likewise  oxygen  from  the  air,  and  turns  to  a dirty 
brownish-white  cbloim,  owing  to  the  formation  of  dimanganic  dioxydihydrate. 
On  ignition  ^-ith  free  access  of  air,  the  white  carbonate  turns  first  black,  and 
changes  subsequently  to  brown  triinanganio  tctroxide,  Mn304.  All  man- 
ganese oxides  are  obtained  upon  ignition  in  air  in  tlie  form  of  Mn304. 

KCy  gives  a whitish  precipitate  of  manganous  cyanide,  MnCyj,  soluble  iu 
excess  to  a brown  solution,  which  is  not  precipitated  by  SAmo. 

It  has  just  been  seen  how  readily  manganous  compounds  are  converted,  more 
or  less  completely,  into  higher  oxides,  in  which  manganese  acts  the  part  of  a 
tetrad  element.  In  the  brown  hydrated  dioxide,  obtained  when  a manganous 
salt  is  digested  with  sodic  hypochlorite,  according  to  the  equation  : — 

MnCb  + ClNao  -i-  2OH2  = Mn'^OHoo  + NaCl  -t-  2HC1, 

the  manganese  exists  likewise  as  a tetrad  element.  By  fusion  in  the  dry  way 
with  sodic  carbonate,  alone  or  together  with  nitre,  the  manganous  or  manganic 
compounds  are  converted  into  an  alkaline  manganate,  in  wliich  the  metal  man- 
ganese acts  the  part  of  a hexad  clement.  Manganic  acid  itself  has  never  been 


chloride. 


This  reaction  is  characteristic  for 
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isolated.  It  is  obtained,  however,  in  combination  with  a few  of  the  stronger 
metallic  bases,  forming  manganates,  of  which  the  alkaline  manganates  only  dis- 
solve in  water  to  green  solutions. 

Manganates  are  readily  decomposed  in  aqueous  solutions.  On  gently  heating 
a solution  of  potassic  manganate  with  free  access  of  air,  the  green  colour  changes 
to  purple-red,  owing  to  the  formation  of  potassic  permanganate,*  MnoOr.Koo  = 

r4nvO„(OXo)  . ,.  .1  T , 1.- 

L'M:n'’0”(OKo)’  separation  of  hydrated  dioxide,  tlius  : — 

SMnOoKoo  + 30Ho  = MmOjKoo  -H  MnOHoo  + 41IHo. 


The  change  is  accelerated  by  adding  a few  drops  of  a dilute  mineral  acid,  e.g., 
nitric,  hydrochloric,  or  sulphuric  acid,  which  combines  with  the  liberated  alkali. 
This  reaction  is  extremely  delicate. 

The  metal  inangancso  seems  to  act  hero  the  part  of  a pseudo-oetad  element ; 
and  it  may  readily  be  inferred  that  the  difForent  oxygen  atoms  perform  different 
functions  in  such  a highly  oxygenized  compound,  and  that  the  metal  manganese 
will  part  with  some  more  readily  than  with  others. 

Manganic  dioxide,  as  well  as  other  native  peroxides,  already  enumerated,  also 
the  alkaline  manganates  and  permanganates,  act  as  powerful  oxidizers,  differing 
merely  in  the  intensitg  of  their  oxidizing  action. 

Manganic  dioxide  gives  off  oxygen  on  the  addition  of  concentrated  sulphuric 
acid,  and  forms  normal  manganous  sulphate : — 

[(Atomic  equation)  MiiOn  + SOoHog  = O + SOoMno"  + OHj. 

Sulphuric  acid  added  to  sodic  manganate,  gives  off  a molecule  of  oxygen,  and 
forms  manganous  and  sodic  sulphates,  thus  : — 

MnOoNaCo  + 2SO2II02  = O2  + S02Mno^^  + SO2Na02  + 20U2. 

Sulphuric  acid  added  to  a solution  of  potassic  permanganate,  liberates  five 
atoms  of  oxygen,  and  leaves  manganous  and  potassic  sulphates  in  the  solution, 
thus : — 

(Atomic  equation)  I -t  3SO2H02  = O5  + 2S02Mno" 

+ SO2K02  + 30H2* 

Hydrochloric  acid  acts  likewise  upon  the  higher  oxides  of  manganese  with 
evolution  of  chlorine  and  formation  of  metallie  chloi’ides  and  water.  The  per 
•oxides  of  manganese,  especially  the  Mack  oxide,  constitute  the  principal  sub- 
stances, together  with  hydrochloric  acid,  or  sodic  chloride  and  oil  of  vitriol,  for 
ovolviug  chlorine  in  the  laboratory  and  on  a manufacturing  scale. 

No  other  mineral  oxidizing  agent  is  capable  of  yielding  from  one  molecular 
group  of  elements  five  atoms  of  oxygen  ; and  there  are  but  few  elementary  sub- 
stances which  resist  the  oxidizing  action  of  potassic  permanganate.  Hydrogen, 
freshly-ignited  carbon,  phosphorus,  iodine,  sulphuretted  hydrogen,  carbonic  disul- 
phide, arc  oxidized  more  or  less  rapidly.  Metals,  such  as  zinc  and  iron,  become 
oxidized  after  a few  days ; lead,  copper,  mercury  and  silver  after  some  time. 
Many  lower  oxides,  chlorides,  ete.,  are  converted  into  higher  oxides,  etc.,  especially 
in  the  presence  of  a free  acid  (Iiydrochloric  or  sulphuric  acid). 

Thus  arsenious  is  converted  into  arsenic  acid,  sidphurous  into  sulphm-ic, 
nitrous  into  nitric,  phosphorous  into  phosphoric  acid.  Oxalic  acid  is  oxidized 
into  carbonic  anhydride  and  water.  Dower  or  -ous  chlorides,  sulphates,  etc.,  arc 
converted  into  the  higher  or  -ic  salts,  e.^.,  ferrous,  stannous,  antimonious,  cuprous, 
and  mercurous  chlorides  are  oxidized  (“  chlorinized  ”)  in  the  presence  of  free 
hydrochloric  acid  into  ferric,  stannic,  antimonic,  cupric,  and  mercuric' chlorides  ; 


* Permanganic  acid  has  never  been  isolated.  It  exists  only  in  a few  metallic 
salts  called  permanganates,  some  of  which  are  soluble  in  water,  forming  intensely 
]Hirplc-red  solution^  The  salts  crystallise  from  an  alkaline  solution  in  beautiful 
largo  crystals  of  a.  deep  violet  lustre. 
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the  manganese  and  potassinm  of  the  permanganate  are  left  in  solntion  as  chlo- 
rides. Ferrous,  cuprous,  and  other  sulphates  are  converted  in  the  presence  of 
free  sulphuric  or  hydrochloric  acid  into  ferric  or  cupric  sulphates. 

Potassic  permanganate  oxidizes  also  many  organic  bodies,  such  as  sugar,  gum, 
cellulose  (in  paper,  cotton),  uric  acid,  etc.  The  reaction  in  all  these  cases  is  in- 
dicated by  a change  of  colour.  On  adding,  for  instance,  the  purple  coloured  per- 
manganate solution  to  a solution  of  sulphurous  acid,  the  colour  is  instantaneously 
destroyed  as  long  as  any  sulphurous  acid  is  left.  Permanganate  becomes,  there- 
fore, the  measure  for  sulphurous  acid,  and  in  like  manner  for  other  lower  oxides, 
chlorides,  etc. 

Sulphurous  acid  requires  one  atom  of  oxygen  in  order  to  be  converted  into 
eulphuric  acid,  and  potassic  permanganate  can  part  with  five  atoms  of  oxygen. 
One  molecule  of  the  oxidizing  agent  oxidizes,  therefore,  five  molecules  of  the 
reducing  agent,  i.e.,  316  parts  by  weight  of  potassic  permanganate  become  the 
measiue  for  5 x 64  = 320  parts  by  weight  of  SO2. 

Two  molecules  of  ferrous  sulphate  combine  with  one  atom  of  oxygen  and  one 
molecule  of  sulphuric  acid,  to  form  one  molecirle  of  ferric  sulphate,  thus  : — 

2SOoFeo^^  "h  O SO0II02  = S30gFeoO^^  -t  OU2. 

Hence  one  molecule  of  dipotassic  permanganate  oxidizes  ten  molecules  of 
SOoFeo",  ten  molecules  of  EeO,  or  ten  atoms  of  Fe  ; and  316  parts  by  weight  of 
]V[n;06Ko2  become  the  measure  for— 

10  X 152  parts  by  weight  of  SO-.Feo" 
or  10  X 72  „ FeO 

or  10  X 56  „ Fe 


QUESTIONS  AND  EXERCISES. 

1.  Which  are  the  most  important  manganese  ores  ? 

2.  Explain  the  action  of  concentrated  SO2H02  upon  MnOo,  Mn02Nao2  and 

Mn205Ko2 ; and  express  the  changes  by  equations. 

3.  Translate  into  graphic  fonnulse  the  constitutional  formulce  of  pyrohisite, 

hraunite,  hausmannite,  manganite,  psilomelane,  wad,  varvicite,  and 
tephroite. 

4.  Describe  the  most  characteristic  blowpipe  reactions  for  manganese  compounds, 

5.  How  can  Mn  be  separated  from  Ni  and  Co  ? 

6.  How  is  Mn  separated  from  calcium  or  from  potassium  ? 

7.  What  change  does  a solution  of  dipotassic  manganate  imdergo  when  heated 

in  contact  with  air  ? 

8.  State  why  Mn  is  separated  wdth  difficxilty  from  Fe^  by  means  of  Am  Cl  and 

AmHo. 

9.  By  precipitating  2 622  gnus,  of  a manganous  salt  with  sodic  carbonate  and 

ignition  of  the  precipitate,  1 325  gi-m.  of  M!n304  is  left ; what  is  the  per- 
centage of  manganese  in  the  salt  ? 

10.  What  is  the  action  of  dipotassic  permanganate  upon  HCl,  SHo,  SO2 

{ COHo’  *^^2Cl2,FeCl2,SnCl2  ? Express  the  changes  by  eqriations. 

11.  How'  much  sidphurous  anhydride  by  weight  and  by  volume  (at  0°  C.  and 

760  mm.  barometrical  pressure)  will  be  required  to  decolorise  a solution 
containing  '500  grm.  of  dipotassic  permanganate  ? 

12.  •125  grm.  of  dipotassic  permanganate  had  to  be  added  to  a given  quantity  of 

an  acid  (SO2HO2)  solution  of  SOoFeo".  Calculate  how  much  metallic 
iron  the  solution  contained. 

13.  1'240  grm.  of  CO2  was  evolved  when  1'780  grm.  of  pyrohisite  was  treated 

with  moderately  concentrated  SO2H02  and  cogQ-  What  is  the  per- 
centage of  Mn02  in  the  ore,  and  how  much  chlorine  gas  by  weiglit  amVby 
volume  can  be  evolved  from  100  gms.  of  the  ore  when  treated  with  HCl  ? 
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ZINC. 


ZINC,  Zn".  Atomic  -weiglit,  65. — Occurs  in  nature  chiefly  as 
SULPHIDE,  or  zinc  blende,  black  jack,  ZnS ; as  Caebonate,  or  cala- 
mine,  COZno";  and  as  silicate,  or  zinc  glance,  electric  calamine, 
SiZno^z,  OH2,  Willemite,  SiZno^z ; also  as  oxide — the  only  oxide 
known — in  red  zinc  ore,  ZnO. 

eeactions  in  the  dry  way. 

The  most  characteristic  blowpipe  reaction  for  zinc  consists  in  the 
white  incrustation  of  zincic  oxide  which  its  compounds  yield  when 
heated  on  charcoal  in  the  reducing  flame  with  sodic  carbonate.  The 
zinc  compound  is  red  need  to  the  metallic  state,  and  the  metal  being 
volatile,  burns,  on  passing  through  the  outer  flame,  with  a bluish- 
green  flame,  and  is  converted  into  oxide,  which  covers  the  charcoal 
with  an  incrustation,  yellow  when  hot,  white  when  cold,  and  which 
assumes  a tine  i?reen  colour  when  treated  with  a solution  of  cobaltous 
nitrate,  and  on  being  once  more  strongly  hehted  in  the  outer  flame. 
The  incrustation  is  not  driven  away  in  the  oxidizing  flame — zincic 
o.xide  being  non-volatile. 

Zinc  compounds  giro  with  borax  or  microcosmic  salt  in  both  flames  a bead, 
which  is  j'cllowish  while  hot,  and  white  on  cooling ; opaque  if  much  ziue  salt  be 
j)resent.  This  applies,  however,  only  to  pure  zinc  compounds,  and  the  deteetion 
of  zinc  in  poor  ores  containing  other  readily  oxidizable  metals  (sueh  as  Pb,  Cd, 
As,  Sb,  which  give  likewise  incrustations)  is  a matter  of  groat  uueertainty. 

Zincic  sulphide  {zinc  blende) , when  roasted  in  a tube  of  hard  glass,  loses  part  of 
its  sulphur  in  the  form  of  sulphurous  anhydride,  and  leaves  some  zineio  sulphate, 
SOjZno"  {white  vitriol) , whieh  may  be  extracted  with  water. 

Calamine  leaves  on  ignition  zinoic  oxide. 

EEACTIONS  IN  THE  WET  WAY. 

A SOLUTION  of  Zincic  Chloride,  ZnCb,  ob  of  Zincic  Sulphate, 
SOiZno",  = S02(02Zn)",  is  employed.  Both  salts  yield  colourless 
solutions. 

SAm2  (pi’ouii-rcaBcnt)  gives  a ^uhite  precipitate  of  zincic 
Kiilliiiidc,  ZnS,  insoluble  in  excess.  From  dilute  solutions  the  pre- 
cipitate separates  only  after  some  time,  more  speedily  in  the  presenee 
of  ammonic  chloride.  It  is  readily  decomposed  by  dilute  hydro- 
chloric and  sulphuric  acids,  with  evolution  of  sulphuretted  hydrogen ; 
also  by  nitric  acid,  but  is  insoluble  in  acetic  acid. 

SHz  precipitates  zinc  imperfectly  from  neutral  solutions  of  zincic 
salts  with  mineral  acids ; but  from  an  acetate  or  a solution  of  a. 
zincic  salt  mixed  with  an  alkaline  acetate,  the  whole  of  the  metal 
is  precipitated  by  sulphuretted  hydrogen  as  zincic  sulphide,  even  in 
the  presence  of  much  acetic  acid  (method  of  separation  of  Zn  from 
Mn).  Free  organic  acids  prevent  the  precipitation. 

KHo  or  NaHo  precipitates  the  white  iiydratc,  Z11H02,  readily 
soluble  in  excess,  and  in  AmHo,  reprecijiitated  almost  entii’cly  on 
diluting  with  water  and  on  boiling,  soluble  also  in  ammonic  cliloride. 
Sulpliuretted  hydrogen  precipitates  the  whole  of  the  zinc  froni  these 
solutions.  Free  organic  acids  prevent  the  complete  jirecipitation. 
In  the  presence  of  the  hydrates  of  manganese,  nickel  and  cobalt,  KHo 
or  NaHo  does  not  dissolve  out  the  whole  of  the  zincic  hydrate. 
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C0NaO2  or  COKoo  produces  a white  precipitate  of  basic  car- 
bonate, consisting  of  two  molecules  of  zincic  carbonate  and  tbree 
molecules  of  zincic  hydrate,  according  to  the  equation 


A large  excess  of  ammonic  salts  prevents  the  precipitation. 

This  carbonate  leaves  on  ignition  ZnO,  zincic  oxide,  also  known  under  the 
name  of  zinc  lohite. 

COAmOo  produces  the  same  precixntate,  soluble,  however,  in  excess. 

KCy  gives  a loMte  precipitate  of  zincic  cyanide,  ZnC)'2.  soluble  in  excess, 
not  reprecipitated  by  SAmj,  but  completely  precipitated  by  as  ZnS  (Method 
for  the  separation  of  Zn  from  Ni). 

Zinc  precipitates  the  less  electropositive  metals  from  their  solutions,  viz..  As, 
Sb  Sn,  Cd,  Cu,  Pb,  Ag,  Bi,  Hg  ; and  on  dissolving  impure  metallic  zinc  in  dilute 
acids  (hydrochloric  or  sulphuric),  these  metals  do  not  dissolve,  as  long  as  any 
zinc  remains  undissolved.  Hence  zinc  protects  ocher  metals,  such  as  copper,  hon 
(galvanized  iron),  &c.,  from  the  oxidizing  action  of  the  air. 

Zinc,  when  placecl  in  contact  with  platinum,  iron,  &c.,  dissolves  in  alkaline 
solutions  in  the  cold ; when  boded  with  KHo  (Nallo,  or  even  AmHo),  it  dissolves 
likewise,  with  evolution  of  hydrogen  and  formation  of  diituta^isic  zincic  oxide, 
ZnKo->. 

Zinc  vapour  decomposes  CO2  at  a high  temperature,  and  forms  ZnO  and  CO  ; 
at  a lower  temperature,  ZnO  yields  its  oxygen  again  to  carbon  (Method  of  ex  j 
tracting  metallic  zinc  from  some  of  its  ores) . Tins  forms  an  interesting  instance 
of  reciprocal  chemical  action. 


1.  Explain  the  action  of  HCl,  SO3H02,  NO2H0,  and  KHo  upon  metallic  zinc.. 

Express  the  changes  by  equations. 

2.  Give  the  names  and  composition  of  the  most  important  zinc  ores,  and  translate 

their  constitutional  into  graphic  formulas. 

3.  Describe  the  blowpipe  reactions  for  zinc  compounds. 

4.  Express  by  equations  the  reactions  for  zinc  in  the  wet  way.  Give  graphic 

formula;  for  the  basic  carbonate  and  dipotassic  zincic  oxide. 

5.  1’5  gnn.  of  calamine  yielded  '876  grm.  of  ZnO,  what  is  the  percentage  of 

zinc  in  the  ore  ? 

6.  You  have  given  to  you  calamine,  zinc  blende,  hydrochloric  acid,  water,  and 

sodic  carbonate.  State  how  you  would  prepare  from  these  materials  zincic- 
oxide  or  zinc  white.  Express  the  changes  by  equations. 

7.  How  is  zinc  separated  from  Mn,  Ni,  Co  ? 

IRON.  Fe'V’^,  and  Atomic  weight  56. — One  of  the  few 
metallic  elements  which  occurs  very  abundantly  in  nature,  mostly 
in  the  combined  state.  It  will  suffice  if  those  iron  ores  whieh  con- 
tain the  metal  in  sufficient  quantities  and  which  are  sufficiently  free 
from  deleterious  substances  (such  as  S,  P,  As),  to  render  them 
suitable  for  the  extraction  of  iron  by  the  usual  metallurgical  pro- 
cesses are  considered.  The  most  important  are  : — 

1st.  OitES  CONTAIKING  Peruous  Oxide  : — spathic  or  sparry  iron 


SSOoZno"  + 5CONao,  + SOH*  = 


Dihydric  pentazincic 
dicarbonate  tetrahydrate. 


+ 3CO2. 


QUESTIONS  AND  EXERCISES. 
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ore,  COPe’’',  (sphaerostderiie)  containing  varying  quantities  of 
COMno",  COMgo",  and  COCao" ; hlaclc  hand  or  carbonaceous 
iron  ore,  a spbaerosiderite  containing  from  20  to  25  per  cent,  of 
bituminous  matter;  clay  ironstone  (likewise  a siderite)  is,  as  its 
name  indicates,  associated  wdtb  clayey  matter.  It  is  from  these 
two  ores  that  the  greater  part  of  the  iron  manufactured  in  this 
country  is  derived.  They  occur  in  immediate  proximity  to  the  coal 
measures  and  limestone  beds — the  fuel  and  flux  necessary  for  their 
reduction  to  the  metallic  state. 

2nd.  Ores  containing  Ferrous  and  Ferric  Oxides  : viz., 

f FeO 

magnetic  iron  ore,  Fe^O^  = < pgQFeo"  (ferrous  diferric  tetroxide). 

3rd.  Ores  containing  Ferric  Oxides  only  ; viz.,  red  hcematite 
(micaceous  iron,  oligist,  specular  iroii  or  iro7i  glaiice),  'Fe'^jOs  = 
f PeO 

I FeO^  (ferric  oxide).  This  oxide  forms  difierent  hydrates  which, 

according  to  the  amount  of  water  which  they  contain,  have  received 

/ FeOHo 
1 FeO 

different  names,  viz.,  turgite,  2Fe.203,OH2  = !>  p^qO  (teti’aferric 

1 FeOHo 


pontoxy-dihydrate)  ; 7ieedle  iro7i  ore,  hroion  iron  ore,  ov pijm-hosiderite, 
Fe203,OH2  = I (diferric  dioxy- dihydrate)  ; limonite  or 

'FeOHo 


compact  h'Oivn  iron  ore,  hrown  hannatite,  2Fe203,30H2  = < 


FeHo2 

0 

FeHo2 

FeOHo 


(tetraferric  trioxy-hexahydrate)  ; (varieties  : oolitic  iron  ore,  pea 

^ f FbHo 

ore)  ; yelloio  iron  ore  or  xanthosiderite,  Fe203,2OH2  = I FeHo2^ 


(difen'ic  oxy-tetrahydrate). 

A few  other  iron  ores  deserve  attention.  They  ai’e  not  used 
for  the  extraction  of  iron,  but  are  valuable  as  a cheap  source 
of  sulphur,  viz.,  iron  pyrites,  ynartial  pij^-ites  or  mundic,  FeS2, 
found  abundantly  in  nature  ; FeaSg  (diferric  trisulphide)  ; copper 

r peS 

p7jrites,'Pe.i^z,C\XiS>  — < andmay^ieifcpyriies,  6FeS,Fe2S3 

= FejSs,  which  may  be  expressed  graphically,  thus  : — 


S=Fe  Fe  Fe  Fe  Fe  Fe  Fe=S 

! I 

(Pentaferrous  diferric  octasulphide.) 

Besides  these  ores,  iron  is  found  in  nature  in  combination  with 

f "As' 

ARSENIC  and  SULPHUR,  in  mispiclcel  < /Fe.Fe'^'Si;  with  chromium 


^Sn 


--Sn 


.Ss 


^Ss 


as 
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-chrome  iron  or 


Cr'"0 

Cr'"0 


Feo' 


SiO=il 

with  SILICA  as  chloropal,  SiO  = Feao'^, 


3OH2,  and  many  other  silicates;  as  sulphate,  in  green  copperas 
or  green  vitriol,  SOHoaFeo'^GOHo  ; as  phosphate  in  vivianite,* 
P202Feo"3,80H2  (triferrons  phosphate),  and  others;  as  aesenate, 
in  scoroclite,  As..0>Fe20''‘,4OH2,  and  others. 


EEACTIONS  IN  THE  DRY  WAY. 

On  heating  the  different  iron  compounds  on  charcoal  before  the 
blowpipe,  they  turn  black  and  become  magnetic  ; when  heated  in 
the  outer  flame,  on  a borax  bead,  iron  compounds  impart  a dark  red 
colour  to  the  borax,  whilst  hot,  becoming  light  yellow,  when  cold. 
In  the  reducing  flame  they  give  an  olive-green  to  bottle-green  bead. 

The  reactions  with  microcosmic  salt  are  similar  but  less  distinct.  The  pre- 
sence of  Co,  Cu,  Ni,  Cr  conceals  the  colour  of  the  iron  bead.  Ferric  sulphides 
and  arsenides  must  be  roasted,  previous  to  being  introduced  into  the  borax  bead. 
When  heated  with  CONao-2  on  charcoal,  in  the  reducing  flame,  metallic  iron  is 
obtained  as  a magnetic  powder. 

REACTIONS  IN  THE  WET  WAY. 

Iron  forms  two  series  of  salts,  viz.,  ferrous  and  ferric  salts. 
It  dissolves  readily  in  dilute  acids,  such  as  HCl,  SO2H02,  forming 
ferrous  salts,  FeCh,  S02Feo",  with  evolution  of  hydrogen.  Cold 
dilute  nitric  acid  dissolves  finely  divided  iron  (iron  fihngs)  without 
evolving  hydrogen  gas,  the  nitric  acid  being  decomposed,  so  as  to 
form  ferrous  nitrate  and  ammonic  nitrate  ; the  reaction  may  be 
expressed  thus  : — 

4Fe  + IONO2H0  = 4 I + N02Amo  -f  3OH2. 

The  metal  iron  exists  in  all  these  salts  in  the  dyad  condition, 
but  exhibits  a marked  tendency  to  pass  into  the  tetrad  condition. 
Exposed  to  the  air,  FeCh  and  S02Feo"  absorb  oxygen  and  are  gra- 
dually converted  into  ferric  salts.  The  same  change  is  produced  by 
the  action  of  various  oxidizing  agents,  such  as  CI2,  Bra,  I2,  ClNao, 
KO3CI  in  the  presence  of  HCl,  NO2H0,  NOaAgo,  AuCh,  HgCk, 
MUjOeKoa,  CrOaKoa,  and  others.  Ferrous  compounds  are,  therefore, 
powerful  reducing  agents. 

The  tetnwl  condition  appears  to  be  the  natural  state  of  existence  of  the  metal 
iron.  This  is  rendered  evident,  moreover,  by  the  limited  number  of  ferrous 
compounds  which  exist  in  nature.  The  latter  must  be  viewed  as  unsatisfied 
bodies,  which,  under  favourable  conditions,  deprive  other  bodies,  directly  or  in- 
directly, of  oxygen,  to  form  ferric  compounds.  Dyad  iron,  Fe"  (called  ferrosum) 
has  two  bonds  latent,  whicli  it  is  eager  to  satisfy,  so  as  to  become  converted  into 
the  more  stable  tetrad  iron,  Fe'''  {or  fern  cum),  in  which  condition  it  occurs  in 
nature  in  combination  with  sulphur  only,  as  FeSa,  without  forming  any  corre- 
sponding oxygen,  chlorine,  etc.,  compounds.  Two  atoms  of  tetrad  iron  are  in- 


* Contains  also  ferric  phosphate,  PiOoFe20v',80II.i,  to  which  the  blue  colour 
•of  the  mineral  is  due. 
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Tariably  linked  together  in  feme  oxide,  chloride,  etc.,  whereby  iron  becomes  a 
pseudotriad  element.  It  is  possible  to  combine,  by  artificial  means,  three  atoms 
of  oxygen  with  one  atom  of  u-on,  so  as  to  form  ferrates,  as  in  potassic  fen-ate, 
FeOoKos,  in  which  compovind  the  iron  exists  as  a hexad  element. 

These  clifierent  combining  conditions  of  the  metal  iron  may  be 
represented  graphically,  thus  : — 

Dyad  ii’on  — Fe— , e.cj.,  in  FeCb,  PeO,  FeS. 


Tetrad  iron  — Fe— , or  pseudo-triad  iron,  — Fe— Fe— , e.q.,  in 

/I  II' 


Ppivc-  /'Pe'''Cl3  /'Fe"'S^  f'Pe"'0^  „ i 

r e '^02,  s I 1 lastly 


as 


\/ 


Hexad  iron  — Fe — , or  =Fe=,  e.g.,  in  Pe'^’OiKoo. 

/\  II 


A.  Ferrous  coiiiiioiiiuls. — A SOLUTION  OP  FERROUS  SULPHATE,. 
S02Feo",  = S02(02Fe)"  is  employed. 

SAmj  (ffrouF-rcaffcjit)  gives  a hlaclc  precipitate  of  ferrous 
Niil|>lilflc,  PeS,  insoluble  in  alkalies  and  alkaline  sulphides,  easily 
decomposed  and  dissolved  by  dilute  hydrochloric  acid,  with  evolu- 
tion of  sulphuretted  hydrogen.  The  moist  precipitate  absorbs 
oxygen  from  the  air,  and  is  rapidly  converted  into  fei’rous  sulphate, 
and  lastly  into  yellow  basic  ferric  sulphate,  with  evolution  of  much 
heat.  (This  oxidation  constitutes  a frequent  cause  of  the  spon- 
taneous inflammation  of  pyritical  coal  (which  contains  Pe7S8)  on 
board  vessels,) 

Sllo  docs  not  precipitate  neutral  or  acid  solutions  of  ferrous  salts  ; ferrous 
acetate  even  is  only  partially  precipitated. 

KHo,  NaHo,  or  AmHo  precipitates  from  ferrous  salts  (free  from 
feri’ic  salts)  white  ferroms  hydrate,  FeHo2,  which  turns  rajhdly  to  a 
dirty  green  colour,  and  ultimately  becomes  reddish-hroiun,  owing  to 
absorption  of  oxygen  from  the  atmosphere.  Ammonic  salts  par- 
tially prevent  the  precipitation  by  the  fixed  alkalies,  and  AmHo 
gives  but  a .slight  precipitate  in  a ferrous  solution,  containing  a 
sufficient  amount  of  AmCl.  The  presence  of  non-volatile  organic 
acids,  of  sugar,  etc.,  also  prevents  the  precipitation  more  or  less. 

CONaoj,  COKoo,  or  COAmOo  iwecipitates  ^ohite  ferrous  carbonate, 
COFeo'^  which  becomes  rapidly  oxidized  when  exposed  to  air. 

K4FeCy6  (potas.slc  ferroeyanide)  produces,  by  the  replacement  of 
K2  by  Fe'’^  a hluisli-white  precipitate  of  dlpotasslc  ferr»ms  ferro- 
cyanidc,  K2Fe"FeCy6,  thus  : — 

S02Feo"  F K4FeCy6  = KjFe'TeCyo  + SO2K02 

Bluish-white 

preeipitato. 

insoluble  in  hydrochloric  acid.  The  light  blue  precipitate  is  rapidly 
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converted  into  a darlc  blue  precipitate,  or  Prussian  blue,  either  by- 
exposure  to  the  air,  or  more  speedily  by  an  oxidizing  agent,  thus: — 

4K2Fe"FeCy6  + 2OI2  = 3FeCy2,2Fe2Cy6  + 4KC1  + KiFeCye. 

Prussian  blue, 

KcFe2Cyi2  (potasslc  fcrricyaniae)  produces  a darh  blue  precipitate 
of  trlfcrrous  aiferrlc  dodckacyanhle,  Fe'VFe'"2Cyi2  (Turnbull’s  blue), 
insoluble  in  hydrochloric  acid,  thus  : — 

3S02Feo"  + KeFesCyn  = Fe'V  Fe"'2Cy,2  + SSOjKo.. 

Turnbull’s  blue. 

NaHo  or  KHo  decomposes  both  precipitates  with  formation  of 
soluble  alkaline  ferro-  and  ferricyanides,  and  separation  of  ferrous 
and  ferric  hydrates,  thus  : — 

(1)  K2Fe"FeCy6  + 2KHo  = KiFeCys  + FeHoa. 

(2)  3FeCy2,2Fe2Cyc  + 12NaHo  = 3Na4FeCy6  + 2Pe2Hoe. 

(3)  Fe"3'Fe'"2Cy,2  + 8NaHo  = 2Na4FeCyo  + Pe304,4OH2. 

These  precipitates  cannot  form,  therefore,  in  an  alkaline  solu- 
tion. 

CyAmS  (ainmonlc  suliiliocyanate)  gi^ves  no  indication,  if  the 
ferrous  contains  no  ferric  salt. 


B.  Ferric  comiioiiuds. — A SOLUTION  OP  FerkiC  ChLORIDE, 
f'Fe"'Cl3  , 1 

Fo  = I 'Fe'^CV  used. 

SAm2  (grouii-reagent)  produces  a blach  precipitate  of  ferrous 
sulpiildc,  FeS,  mixed  with  sulphur,  thus : — Fe2Cl6  + 3SAm2  = 
2FeS  + S + 6Am01.  Dilute  solutions  of  iron  give  only  a greenish 
coloration. 

(ju  dissolving  the  black  precipitate  in  dilute  hydrochloric  acid, 
sulphuretted  hydrogen  is  evolved,  and  white  insoluble  sulphur  is 
left.  (Distinction  between  ferrous  and  ferric  salts.)  Ferric 
sulphide  cannot  be  formed  in  the  wet  way;  native  sulphides  exist, 
however,  -viz.,  FeS2  and  F62S3,  which  are  insoluble  in  dilute  hydro- 
chloric acid,  but  dissolve  with  evolution  of  SH2  in  the  presence  of 
metallic  zinc. 

SH2  does  not  precipitate  Fe^Cle ; its  hydrogen  acts  as  a reducing 
agent  upon  the  ferric  salt,  converting  it  into  2FeCl2  and  2H01, 
white  sulphur  being  precipitated,  which  renders  the  solution  of  the 
ferrous  salt  milky. 

KHo,  NaHo,  or  AmHo,  precipitates  the  reddish-brown  ferric 

hydrate,  Fe303,2OH2  = < dlferric  oxytetrahyUratc, 

insoluble  in  excess  and  in  ammonic  salts  (except  COAmo2).  Non- 
volatile organic  bodies  (e.r/.,  tartaric  or  citric  acid,  sugar,  etc.) 
prevent  its  precipitation  by  AmHo,  but  not  by  SAm2.  The  pre- 
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cipitate  retains  with,  great  tenacity  small  portions  of  tlie  fixed 
alkalies. 

CONao2,  COK02,  and  COAmo2  prodace  the  same  precipitate 
with  evolution  of  carbonic  anhydride. 

POHolSraoa  (liydric  iliSodic  itliosiiliate)  produces  a yellowish- 
white  flocculeiit  gelatinous  precipitate  of  ferric  itliospliatc,  P202Fe2o''’*, 
+ 4Aq.  The  precipitation  is  complete  only  in  the  presence  of  sodic 
or  ammonic  acetate,  thus : — 


FCzClo  + 2POHoNao2  + 2 

+ 2 


{ 

{ 


CH3 

CONao 

CE, 

COHo- 


= PsOoFeaO^  + 6EaCl 


On  the  addition  of  the  first  few  drops  of  hydric  disodic  phosphate, 
and  as  long  as  the  ferine  salt  is  largely  in  excess,  the  precipitate  may 
disappear  again,  especially  on  gently  warming,  since  it  is  somewhat 
soluble  in  ferric  acetate.  When  the  precipitation  is  nearly  complete, 
the  ferric  phosphate  separates  more  speedily,  especially  on  stirring 
and  gently  heating,  and  allowing  to  subside  after  each  addition  of 
the  phosphate  solution.  The  precipitated  ferric  phosiihato  should 
bo  filtered  hot,  and  washed  by  deeantation  with  hot  water.  It  is 
soluble  in  dilute  mineral  acids — hence  the  addition  of  an  alkaline 
acetate ; insoluble,  however,  in  acetic  acid,  like  the  corresponding- 
chromic*  and  aluminic  phosphates. 

Phosphates  of  the  alkaline  earthy  metals  (Ba,  Sr,  Ca,  Mg),  which 
are  readily  soluble  in  acetic  acid,  may  thus  be  separated  by  filtration 
from  the  phosphates  of  Fe''',  Ah'',  (and  CF'').  Owing  to  this  pro- 
perty of  ferric  phosphate,  it  is  also  possible  to  decompose  alkaline 
earthy  phosphates,  in  a sodic  acetate  and  acetic  acid  solution,  by 
adding,  drop  by  drop,  a neutral  solution  of  ferric  chloride,  accord- 
ing to  the  equation  ; — 

2POHoBao"  + 2 | coNao  + { COHo  + = P202Fe20''‘ 

-f  2BaCl2  + 2NaCl  + 3 | 


as  long  as  a yellowish- white  precipitate  comes  down,  and  till  the 
supernatant  liquid  becomes  just  red,  from  the  formation  of  ferric 
acetate. 

Fei-ric  phosphate  dissolves  in  excess  of  hydric  disodic  phosphate, 
in  the  presence  of  ammonic  hydrate  or  carbonate,  to  a brownish-red 
solution.  It  is  somewhat  soluble  in  ferric,  but  not  in  fen-ous  acetate. 
Alkalies  decompose  it  with  difficulty  only.  Ammonic  hydrate 
reduces  it  to  a basic  phosphate  (P40Fe2o''‘a  + 16  aq.).  Potassic  or 
sodic  hydrate  removes  nearly  the  whole  of  the  acid.  Fusion  with 
caustic  fixed  alkalies,  or  with  fusion-mixture,  or  boiling  with 
ammonic  sulphide,  decomposes  ferric  phosphate  completely,  leaving 

* Chromic  phosphate,  especially  when  freshly  precipitated,  is  dissolved, 
although  with  some  difficulty,  in  acetic  acid,  especially  on  heating. 
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the  iron  as  oxide  or  sulphide,  from  which  the  soluble  alkaline 
phosphate  can  be  separated  readily  by  filtration. 

Citric  or  tartaric  acid  prevents  the  precipitation  of  ferric  phos- 
phate. 

K4FeCys  gives  a fine  blue  precipitate,  3FeCy2,2Fe2Cy6,  known  as 
Prussian  hlue,  thus: — 2Fe2Cl6  -h  3K,iFeCy6  = 3heCy2,2Fe2Cy6  + 
12KC1.  Insoluble  in  hydrochloric  acid ; decomposed  by  KHo  or 
NaHo;  soluble  in  oxalic  acid;  soluble  also  in  excess  of  EiiFeCye,  to 
a blue  solution. 

K6Fe2Cyi2  pi’oduces  no  precipitate,  but  the  yellow  colour  of  the 
ferric  solution  changes  to  reddish-brown.  (Distinction  between 

FERROUS  AND  FERRIC  SALTS.) 

CyAms  (Aininonic  sulpliocyanatc)  gives  a darlc  red  or  blood  red 
colour,  even  in  the  case  of  very  dilute  solutions,  which  is  not 
destroyed  by  hydrochloric  acid.  The  sensitiveness  of  the  reaction 
is  heightened  by  shaking  a hydrochloric  acid  solution  containing 
mere  traces  of  a ferric  salt  with  ether.  The  blood  red  ferric  sulpiio- 
cyanate,  Cy6Fe2S''*,  being  soluble  in  ether,  becomes  thus  concentrated 
into  a small  bulk  of  liquid.  The  colour  of  the  liquid  is  readily 
destroyed  by  a solution  of  mercuric  chloride  (also  by  tartaric  or 
phosphoric  acid).  (Distinction  op  Fe"  prom  Fe*'^.) 

This  conSrmatory  test  should  invariably  be  applied,  because  feme  acetate, 
•when  heated  in  presence  of  acetic  acid,  gives  likewise  a deep  red  coloration, 
which  becomes  lighter  coloured  on  cooling. 

Excess  of  sodic  acetate,  added  to  a solution  of  a ferric  salt,  pro- 
duces a deep  red-coloured  liquid,  owing  to  the  formation  of  ferric 
acetate.  On  diluting  and  boiling,  the  whole  of  the  iron  is  preci- 
pitated as  basic  ferric  acetate  in  the  form  of  brownish-yellow  fialces, 
which  should  be  filtered  hot,  and  as  quickly  as  possible,  as  soon  as 
the  fluid  has  become  clear.  (Method  for  separating  Fe'^  from  Mn".) 

Amnionic  succinate  or  benzoate  precipitates  ferric,  but  not  ferrous  salts, 
as  ferric  succinate  or  benzoate.*"  The  ferric  solution  should  be  perfectly 
neutral.  Salts  of  PeO,  MnO,  CoO,  ITiO,  ZnO,  are  not  precipitated.  (Method 
OF  SEPARATION  OF  Fe*'"  FKOH  Fe",  Mn,  Ni,  Co,  Zn.) 

Freshly  precipitated  and  well  washed  baric  or  calcic  carbonate,  sus- 
pended in  water,  precipitates  feiric  (not  ferrous)  chloride,  as  ferric  hydrate, 
FejHog,  mixed  with  basic  salt,  with  evolution  of  carbonic  anhydride.  The  re- 
agent is  added  to  the  neutral  ferric  salt  in  the  cold,  and  well  shaken  up  with  it, 
till  the  reddish-hrown  precipitate  acquires  a whitish  appearance,  from  excess  of 
the  alkaline  earthy  carbonate. 

COBao"  separates  in  like  manner  the  higher  or  -ic  chlorides  of  this  group 
from  the  lower  or  -ous  chlorides.  In  order  to  separate  ferric  from  ferrous  com- 
pounds, or  ferric  (chromic  and  aluminic  compounds)  from  ferrous,  ziucic,  man- 
ganous, cobaltous,  and  nickelous  salts,  it  is  necessary  that  tliesc  metals  should  all 
be  obtained  in  the  form  of  chlorides,  when,  on  the  addition  of  baric  carbonate, 
the  respective  hydrates,  mixed  with  basic  salts,  are  pi’ecipitated  from  the  ferric, 
etc.,  chlorides,  whilst  ferrous  chloride  and  the  ehlorides  of  Zn,  Mn,  Ni,  and  Co, 
are  not  affected.  Air  has  to  be  excluded  as  carefully  as  possible,  in  order  to  pre- 
vent the  oxidation  of  the  ferrous,  manganous,  and  cobaltous  oxides ; and  the  re- 


* The  formulaj  of  these  compounds  will  be  explained  under  the  respective 
acids. 
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action  should  be  performed  in  a small  flask,  filled  nearly  to  the  neck  with  the 
liquid,  and  kept  well  stoppered,  after  the  evolution  of  the  carbonic  anhydride 
has  ceased.  The  addition  of  ammonic  cliloride,  previous  to  the  precipitation 
with  baric  carbonate,  almost  entirely  prevents  any  cobaltous  and  nickelous 
hydrates  from  faUiug  out  with  the  baric  carbonate  preci]3itate.  (Method  toe 
SEPAEATIN&  Fe*''  (also  Ad  AND  Ce)  eeom  Fe",  Zn",  Mn",  Ni",  and  Co".) 

The  precipitate  is  filtered  off  and  dissolved  in  hydrochloric  acid ; the  barium 
is  removed  by  means  of  dilute  sulphuric  acid,  and  the  iron,  etc.,  precipitated  by 
Amllo. 

Tannic  as  well  as  g^anic  acid  (tincture  of  nut-galls)  produces  from  neutral 
ferric  salts  a hlidsh-hlacJc  precipitate  (ink),  readily  soluble  in  acids. 

A very  delicate  reaction  for  Fe*''  consists  in  adding  a few  drops  of  a solution 
of  potassic  ferricyanide  to  a dilute  solution  of  a ferric  salt,  and  next  a few  drops 
of  a very  dilute  solution  of  stannous  chloride,  SnCl2>  A blue  precipitate  indi- 
cates the  presence  of  iron,  thus  : — 

(1)  Fe^Clo  -I-  KfiFojCyio  gives  no  precipitate,  but  merely  a dark-brown 

coloration. 

(2)  FeoCl„  -t  SnCL  = 2FeClo  + SnCl4. 

(3)  3FeClo  -t  KoFojCyio  = Fe",FeoCy,3  + 6KC1. 

Turnbidl’s  blue. 

A ferric  salt  when  coming  in  contact  with  certain  bodies  (especially  bodies  con- 
taining some  latent  bonds)  which  possess  a strong  nfilnity  for  oxygen,  chlorine, 
etc.,  than  the  ferric  compound,  acts  towards  such  bodies  as  aii  oxidizing  ageni . 
Thus  S''’OKo2  is  converted  iiito  S^'O^Hoa ; KI  gives  olf  iodine  ; Sn"CL  is  con- 
verted into  Sn'rOli  ; SSONao^  (sodic  hyposulphite)  is  oxichzed  to  SOoHoNao. 
Iron  or  zinc  readily  reduce  ferric  to  ferrous  salts. 

C.  Ferric  anliydridc,  Fe'''Os,  or  ferric  acid,  FeviOoHoo,  containing  hexad 
iron,  has  never  been  obtained  in  an  uncombinod  state.  The  alkali  salts  only  are 
known,  and  are  obtained,  like  thcalhalino  manganates,  by  fusing  iron  filings  with 
nitre.  Ferrates  are  decomposed  far  more  readily  than  manganates. 


QUESTIONS  AND  EXERCISES. 


1.  Enumerate  some  of  the  most  important  iron  ores  used  for  the  extraction  of 

iron  in  this  country.  Give  constitutional  and  gra2ihic  formulee. 

2.  Which  arc  the  more  important  sul^ihides  of  iron  ? Give  constitutional  and 

grapliic  formulas. 

3.  Give  the  grapliic  formulse  of  chloropal,  chrome  iron  ore,  green  co2>peras,  and 

vivianite. 

4.  How  is  iron  detected  in  the  dry  way  ? ■ < 

5.  What  takes  place  when  iron  is  dissolved  in  HCl,  in  SO2H03,  or  in  dilute 

NO2H0?  . „ 1 

d.  Explain  the  change  which  takes  place  when  FeCl.>  is  severally  acted  upon 
by  atmosjiheric  air,  by  chlorine,  KO3CI  and  HCl,  NOoHo,  HgCl;, 
AuCl.-,,  and  by  MnoOoKoa  and  HCl.  Express  the  changes  by  equations. 
V.  Explain  the  action  of  SHo  and  SAmo  upon  ferric  salts,  1st,  in  acid  solutions  ; 
2nd,  in  neutral  or  alkaline  solutions. 

8.  How  does  KiFeCyo  and  KoI'eaCyig  enable  us  to  distingmsh  between  fen-ous 


and  feme  salts ? „ 

9.  State  why  KnFejCyis,  in  the  presence  of  SnClj,  produces  a blue  precipitate 
with  ferric  salts. 

10.  Explain  the  action  of  CyKs  upon  ferrous  and  ferric  salts. 

11.  What  change  is  produced  when  Eg.^CIq  is  brought  together,  1st,  with  SUo ; 

2nd,  with  SnClo  ? « r>  ir  vi 

12.  Exiilaiii  the  action  of  metallic  iron  or  metallic  zinc  upon  oaOol'ejO  . 
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13.  How  much,  hydrogen  gas  by  weight  and  volume  (at  0°  C.  and  760  mm.)  is 

obtained  when  10  grms.  of  metallic  iron  are  dissolved  in  dilute  hydro- 
chloric acid  ? 

14.  Describe  the  properties  of  ferric  phosphate.  State  why  an  alkaline  acetate 

has  to  be  added,  previous  to  precipitation  with  hydric  disodic  phosphate, 
and  explain  the  decomposition  of  the  phosphates  of  the  alkaline  earths  by 
means  of  ferric  chloride  in  an  acetic  solution, 

15.  How  much  metallic  iron  is  required  to  manufactm-e  one  ton  of  crystallized 

green  vitriol  ? 

16.  How  would  you  separate  FeiOj  from  Zn",  Mn",  Ni",  Co",  and  Fe"  ? 

17.  AVhy  is  it  preferred  to  precipitate  FejClj  by  means  of  AmHo,  instead  of 

KHo  ? 


CHROMIUM,  Cr”,  and  Atomic  -weiglit,  62’5. — This 
element  is  comparatively  rare.  It  occurs  in  nature  chiefly  as 

chrome  iron  ore,  CrjOaFeO  = | crocoisite,  Cr02Pbo". 

Chromic  oxide  constitutes  the  colouring  matter  in  ruby,  green  ser- 
pentine, etc. 


REACTIONS  IN  THE  DRY  WAY. 

Chromium  compounds  are  readily  recognised  by  the  very  cha- 
racteristic green  colour  which  the  oxide  imparts  to  horax  and  micro- 
cosmic  salt,  especially  in  the  reducing  flame.  Finely  -powdered 
chrome  iron  ore,  when  fused  in  a platinum  spoon  or  ci'ucible  with 
four  times  its  weight  of  hydric  potassic  sulphate,  and  then  with  the 
addition  of  an  equal  hulk  of  nitre  and  COK02  (equally  mixed),  yields 
a yellow  mass  of  putassic  cliroinate,  Cr02Ko2,  which  is  soluble  in 
water,  to  a yelloio  solution.  If  manganese  were  present  the  solution 
would  be  greeti,  owing  to  the  formation  of  potas’sic  manganatb. 
Ibis  latter  can  be  readily  removed  by  adding  a few  drops  of  alcohol 
to  the  solution,  heating  and  filtering  off  the  manganic  hydrate.  The 
chromate  remains  unchanged. 

REACTIONS  IN  THE  WET  WAY. 

Chromic  salts  can  be  prepared  from  the  yellow  Cr02Ko2,  or  the 
red  dipotassic  dichromate,  Cr20aKo.2,  by  heating  with  dilute  hydro- 
chloric acid  and  adding  alcohol,  when  the  yellow  solution  changes 

to  a deep  green  solution  of  CrjCle  = ‘|^'Cr"'CP  which  the  Cr 

exists  as  a tetrad  or  pseudotriad  element. 

A lower  chloride,  CrCIo,  has  been  prepared  in  which  Cr  acts  a dyad  element ; 
but  M it  has  to  be  carefully  kept  from  the  air  to  jirevent  its  becoming  rapidly 
oxidized,  and  as  it  is  of  no  real  practical  use,  a passing  notice  of  it  will  suffice. 

Chromium  is  capable  of  forming  three  series  of  compounds* — 

* The  intermediate  oxides,  Cr203,Cr0  = (chromous  dichromic 

tetroxide),  and  CrOo  (chi'omic  dioxide)  cannot  be  considered  here. 
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Chromous  compounds 
containing  dyad  Cr. 

Cr"CL. 

Cr"0. 

Cr"Ho2. 


Clu-omic  compounds 
containing  tetrad  Cr. 

'Cr"'2Cl6. 

'Cr"',03. 

'Cr"',Hoc. 


Chromates 
containing  hexad  Cr. 

CrviOoKoo. 

CrviOaPbo". 


of  -wliicli  only  tlie  two  latter  will  be  studied. 


A.  Clu'uinic  Coiiiiiouiicis. — A SOLUTION  OF  ChrOMIC  ChloRIDEj 
CroCle,  is  employed. 

SAm2  (sroup-rcagcnt)  precipitates  hhdsh-green  chromic  byarate, 
Cr2Hoo,  insoluble  in  excess. 

AmHo  precipitates  the  iiyilratc,  somewhat  soluble  in  excess,  the 
fluid  acquiring  a pink  tint.  The  precipitation  is  complete  on 
boiling. 

KHO  or  NaHo,  same  precipitate,  readily  soluble  in  excess  to  a 
green  solution : reprccipitatod  by  long-continued  boiling  or  on 
adding  AmCl,  whereby  the  flxed  alkali  is  removed  as  KCl  or  NaCl, 
with  substitution  of  AmHo. 

CONao2  and  COAmOo  give  greenish  precipitates  of  ba.sic  car- 
lioiiatc.s  (varying  in  composition),  somewhat  soluble  in  excess. 

POHoNao2  (liyilric  lUsaiiic  iiliosgtliatc)  precipitates  green  cliroinic 
itlioMiiiiatc,  P202Ci’20'^',  soluble  in  mineral  acids,  difficultly  soluble 
in  acetic  acid. 

COBao"  precipitates  liasic  carlionate.  The  23TCcipitation  takes 
jilace  in  the  cold,  but  is  completed  only  after  long  digestion. 

In  the  presence  of  citric,  tartaric,  and  oxalic  acid,  also  of  sugar, 
the  precipitation  of  chromic  salts  by  means  of  ammonia,  sodic,  or 
baric  carbonate  is  more  or  less  incomplete. 

Chromic  compounds  may  be  recognised  also  by  converting  the 
chromic  oxide  into  chromic  acid.  This  may  be  accomplished : — 

1st.  By  boiling  a solution  of  Cr2Clo  with  Pb02  and  KHo  or 
NaHo.  The  reaction  which  takes  place,  and  which  is  indicated 
by  a change  of  colour  (from  gree^i  to  yellow),  may  be  expressed 
thus : — 

(1)  Cr2Clo  + 6KHo  = Cr2Hoo  + 6K01. 

Soluble  in 
excess  of  KHo. 

(2)  Cr2Hoo  + SPbOo  = 2Cr02Pbo"  + PbO  + 30Ho. 

Soluble  in  Soluble  in 

KHo.  KHo. 

On  acidulating  the  solution  with  acetic  acid  a precipitate  of 
plumbic  chromate,  Cr02Pbo",  is  obtained. 

2nd.  By  boiling  a solution  of  CrjOlo  with  NaHo  and  sodic  hypo- 
chlorite, ClNao,  thus : — 

CraHoo  + SCllSrao  + 4NaHo  = 2Cr02lSrao2  + oNaCl  + 50Hs. 

Yellow  Boclie 
clivonmte. 
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3rd.  By  fusion  with  alkaline  carbonates  and  nitre  (or,  better 
still,  with  potassic  chlorate),  on  platinum  foil. 


B.  Chromic  aniiycirirtc,  Cr'’*03. — Chromic  acid,  Cr02Ho3,  com- 
bines with  KHo  to  form  two  salts,  the  normal,  or  yellow  chromate, 

r CrOjKo 

CrOoKoa,  and  the  orange-red  dichromate, < O , isomorphous 

[CrOoKo 

with  the  corresponding  sulphate  and  disulphate.  A solution  of  the 
neutral  (yellow)  chromate  is  changed  to  an  orange-red  (acid)  dichro- 
mate solution  on  boiling  with  nitric  acid,  one  half  of  the  alkaline 
base  being  removed  in  the  form  of  potassic  nitrate.  The  two  salts 
are  separated  by  crystallization. 

The  anhydride  may  be  prepared  by  slowly  adding  to  a cold  saturated  solution 
of  the  red  dipotassic  dichromate  times  its  bulk  of  concentrated  sulphuric  acid, 
and  allowing  it  to  cool  slowly.  Cr03  crystallizes  out  in  brilliant  crimson-rod 
prisms.  The  mother-liquor  is  poured  off,  and  the  crystals  placed  to  drain  upon  a 
porous  tile  or  slab  of  unglazed  porcelain  (biscuit)  and  kept  covered  wdth  a bell- 
jar.  They  must  be  preserved  in  a well-stoppei'ed  bottle. 

Chromic  anhydride  is  one  of  the  most  powerful  oxidizing  agents 
known.  Two  molecules  of  Cr03  yield  upon  ignition  chromic  oxide 
and  three  atoms  of  oxygen,  according  to  the  equation  : — 

2Cr03  = Cr^Oa  + O3. 

The  metal  chromium  appears  to  exist  in  natm’e  mostly  in  the  tetrad  and 
hexad  state,  as  a glance  at  its  natural  compounds  will  show.  Chromium  differs, 
however,  in  a marked  manner  from  iron  and  manganese,  which  can  hkewise  exist 
in  the  tetrad  and  hexad  state,  by  forming  more  stable  hexad  compounds  (chromates), 
whilst  in  perchromic  acid,  on  the  other  hand,  the  metal  chromium  appears  to  hold 
the  oxygen  less  firmly  than  manganese  holds  it  in  permanganic  acid. 


Reactions  of  CrOs  cased  upon  its  Oxidizing  Action. 

A SOLUTION  OP  DIPOTASSIC  DICHROMATE,  CrjOaKoa,  may  be  em- 
ployed. 

SH2,  in  the  presence  of  free  hydrochloric  acid,  reduces  the  oi’ange- 
red  solution  to  a green  liquid,  sulphur  only  being  precipitated,- 
thus  : — ^ 

Cr205Ko3  -f  8HC1  -h  3SH3  = Cr^Cl,  -h  2KC1  -f  7OH3  -h  S3. 

SAmj,  added  in  excess  to  a solution  of  an  alkaline  chromate  or 
di chromate,  precipitates  dirty  green  liydratcil  clironilc  chromate. 
On  boiling,  the  whole  of  the  chromium  separates  as  green  chromic 
hydrate,  thus  : — 

Cr306Ko2  + SSAmj  -f  7OH3  = Cr.,Hoo  -f  S3  -1-  2KHo  -h  6AmHo. 

In  the  one  case  the  Hj  of  the  SH2  acted  as  the  reducing  agent ; 
in  the  other  the  (NH4)2  of  the  SAmj. 
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SOH02,  in  the  presence  of  a little  free  SO2H02,  reduces  potassic 
dichromate  to  chi'omic  sulphate,  thus  ; — 

Cr205Ko2  + 3SOH02  + SO2H03  = SsOeCroo^  + SO2K02  + 4OH2. 


Chromic  sulphate  and  potassic  sulphate  constitute  potassium 


chrome  alum 


/ COHo 
ICOHo 


, or  (dipotassic  chromic 
(oxalic  aciil),  in  the 


SOjKOn 

* an  I 

tetrasulphate)gQ* Ci^o'^'. 

SO2K0J 

presence  of  free  acid  (dilute 


sulphuric  acid),  produces  the  same  reaction,  carbonic  anhydride 
being  evolved.  Six  molecules  of  GO2  become  the  measure  for  one 
molecule  of  dipotassic  dichromate.  Tartaric  and  citric  acid  act  in 
like  maimer. 


S02Ko^ 

Cr.OsKoo  + 3 I + 4SO2H02  = |Q^'Cr20^‘  + 6CO2  + 7OH2. 

SO2K0-J 


SO2H02  (concentrated)  reduces  the  dichromate,  on  the  applica- 
tion of  heat,  with  evolution  of  oxygen  and  formation  of  potassium 
chrome  alum,  thus: — 

r Cr02lvo 

0 + 4.SO2H02  = + 4OH2  + O3. 

iCrO,Ko 


HCl  (concentrated)  evolves  chlorine,  and  the  hydrogen  combines 
with  the  three  available  atoms  of  oxygen  in  the  dichromate,  thus  — 

r CrOaKo 

<0  + 14HC1  = Cr.Clc  + 2KC1  + 7OH2  + dClo. 

[CrOaKo 

AS2O3  (in  a hydrochloric  acid  solution)  is  converted  into 
ASOH03,  thus  : — 

f Cr02Ko 

Jo  + 3AsHo3  + 8HC1  = Cr201e  + 2KC1  + SAsOHoa 

[CrOaKo  + 4OH2. 

SnCla,  SbOla,  FeCU,  Zn  (Fe,  Sn,  etc.)  in  the  jmesence  of  dilute  HCl, 
reduce  likewise  chromates  or  dichromates.  The  reduction  is 
effected  also  most  readily  by  numerous  organic  bodies,  such  as 
alcohol  and  HCl,  in  which  case  the  alcohol  is  oxidized  to  aldehyde, 
•ethylic  chloride,  and  other  volatile  products. 


Reactions  for  CrOa  produced  by  Double  Decomposition. 

Chromates  of  the  alkalies  and  alkaline  earthy  bases  (with  the 
exception  of  baric  chromates),  also  of  iron  (Fe*''),  zinc,  manganese, 
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Jill  cl  coppGi*)  soIuIiIg  id.  TV'RtGr  ^ Jill  otliGr  cliroiDRtGS  RPG  IdsoIdIiIg, 

but  dissolve  readily  iu  dilute  nitric  acid. 

BaCl.j,  added  to  a solution  of  a normal  chromate  (or  dichromate), 
rrives  a light  lemon-yelloiv  precipitate  of  baric  chromate,  CrOoBao", 
even  in  very  dilute  solutions  ^ insoluble  in  acetic  acid,  difficultly 
soluble  in  dilute  nitric  or  hydrochloric  acid,  and  reprecipitated  by 


AmHo 

rcH, 


1 

r CO 


(yliuubic  acetate)  gives  a fine  lemon-yellovj  precipi- 


l CH3 

tate  of  ijlumbic  chromate,  CrOjPbo",  soluble  in  KHo,  sparingly 
soluble  in  dilute  nitric,  insoluble  in  acetic  acid.  The  neutral  salt  is 
converted  upon  digestion  with  alkalies  into  a basic  red  chromate, 
CrOPbo"3. 

NOoAgo  (argentic  nitrate)  gives  a c^arZ;pMrpZe-re(Z  precipitate  of 
argentic  chromate,  CrOjAgOo,  soluble  in  nitric  acid  and  ammonia. 

C CrOoAgo 

From  weak  acid  solutions  argentic  dicliromatc,  <0  , is  pre- 

( Cr02Ago 


cipitated. 


N0o„  , 


(Mercurous 


nitrate) 


gives  a darlc  hrick-red  basic 


precipitate  of  CrOHgoo";,  which  on  igmition  is  converted  into 
oxygen,  mercury  vapour,  and  finely  divided  green  CroOa.  (Method 
OF  SEPARATING  ChROMIC  AcID  FROM  ChKOMIC  OxIDE.) 


On  bringing  together  a little  chromic  acid  with  hydric  peroxide,  OoH,,  in  an 
aqueous  solution,  a deep  indigo-blue  solution  is  produced,  owing  probably  to  the 
formation  of  I'ERCKeomic  acid,  in  which  compound  chromium  plays  the  part  of 
a pseudo-octad  element,  analogous  to  manganese  in  permanganic  acid. 

A solution  of  perchromic  acid  decomposes,  however,  rapidly  with  evolution  of 
oxygen,  leaving  CrOMo.,,  and  its  constitution  is  yet  doubtful.  A solution  in  ether 
is  far  more  stable  than  an  aqueous  solution.  It  is  obtained  by  adding  ether  to  a 
very  dilute  (acid)  solution  of  OoTIo,  and  then  a drop  of  a dilute  solution  of  a 
chromate.  On  shaking  up  gently  the  ether  takes  up  the  whole  of  tlie  perchromic 
acid,  and  acquires  an  intensely  blue  colour.  Mere  traces  of  CrO^  can  be  dis- 
covered in  this  manner,  or  vice  versa  the  smallest  quantities  of  O.iHo. 


QUESTIONS  AND  EXERCISES. 

1.  Wliich  is  the  most  important  cliromium  ore  ? Give  sj-mbolic  and  graphic 

formulae. 

2.  How  is  chromium  detected  in  the  dry  way  ? 

3.  Describe  how  chromic  chloride  or  sulphate  is  obtained  fr'!m  an  alkaline 

chromate. 

4.  Describe  the  reactions  by  double  decomposition  which  you  can  produce  with 

chromic  compounds.  Give -equations. 

5.  How  can  chromic  compounds  be  converted  in  the  wet  way  into  chromates  ? 

Give  instances,  and  express  the  changes  by  equations. 

6.  How  is  chromic  anhydride  prepared  ? 

7.  Give  instances  of  the  oxidizing  action  of  chromic  acid.  Express  the  changes 

by  symbolic  equations. 

8.  You  have  given  to  you  oxalic,  hydrochloric,  and  concentrated  sulphuric  acids, 
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dipotassic  dichromate  and  water.  State  liow  you  would  prepare  C0o,0,  or 
Cl  gas  from  these  materials,  aud  express  the  changes  by  equations. 

9.  Describe  some  of  the  most  characteristic  reactions  forcliromic  acid  produced 
by  double  decomposition.  Uive  equations. 

10.  How  woidd  you  distinguish  between  chromic  oxide  and  chromic  acid  occur- 

ring in  one  and  the  same  solution  ? 

11.  Which  chromates  are  soluble  and  which  are  insoluble  in  water? 

12.  How  can  Cr  be  separated  from  every  other  metal  of  Group  III,  except  Mn  ? 

13.  How  can  CroOg  be  separated  from  Fe",  Zn",  Mn",  Ni",  Co"  salts  ? 

14.  I’GOO  grm.  of  chrome  iron  ore  yielded  2 95  grms.  of  CrOaPbo".  What  per- 

centage of  Cr  docs  the  ore  contain  ? 

15.  1‘2  grm.  of  a sample  of  sodic  chromate  yielded  with  oxalic  acid  '89  grm. 

of  carbonic  anhydride.  What  percentage  of  chromic  anhydi’ide  did  it 
contain  ? 


ALUMINIUM,  Al"  and  Atomic  weiglit,  27'5. — One  of 
tlie  metallic  elements  wliicli  occur  most  abundantly  in  nature,  both 
in  the  form  of  the  oxide,  and,  as  an  important  constituent  of  many 
minerals,  in  combination  with  silica,  with  SULPHURIC,  phosphoric, 
and  other  acids ; and  in  the  form  of  FLUORIDE  in  cryolite,  and  the 
rare  topaz.  For  a list  of  some  of  the  more  interesting  aluminic 
compounds  the  student  is  referred  to  Frankland’s  “Lecture  Notes,” 
vol.  I,  page  179. 


REACTIONS  IN  THE  DRY  WAY. 

Alumina,  when  heated  on  charcoal,  is  distinguished  from  other 
earths  by  its  property  of  assuming  a beautiful  sky-blue  colour, 
after  being  moistened  with  a solution  of  cobaltous  nitrate  and  ignited 
once  more  strongly,  owing  to  its  forming  with  the  cobalt  oxide  a 
quasi-salt — cobaltous  aluminate.  This  test  is  not  always  decisive, 
and  becomes  inapplicable  when  coloured  oxides,  such  as  FejOs, 
MnO,  etc.,  are  present,  in  which  case  recourse  must  be  had  to  the 
examination  in  the  wet  way,  in  order  to  discover  ALOa. 

REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  AMMONIUM  ALUM, 

S408Amo2Al2o'^  = S408(0Am)2(06Al2)’^S 

in  which  A1  plays  the  part  of  a tetrad  (pseudo-triad)  element,  or  of 

f 'A1"'C1 

ALUMINIC  CHLORIDE,  < is  employed. 

SAm2  gives  a white  gelatinous  precipitate  of  aluniinic  hydrate, 
ALHoo,  sulphuretted  hydrogen  being  evolved,  thus ; — 

S408AmO')Al20^*  3SAm2  -1-  60Ho  = ALHoq  -f-  4S02Amo2 

+ 3SH2. 

KHo  or  NaHo*  precipitates  the  hydrate,  readily  soluble  in  ex- 

* Potftssic  or  sodic  hydrate  is  mostly  contaminated  with  alumina,  derived 
during  the  manufacture  from  poreelain  vessels,  etc.,  and  it  is,  therefore,  absolutely 
necessary  to  employ  pure  NaHo  (prepared  in  silver  vessels)  for  the  scjjaratiou  of 


ALUMINIUM. 


47 


cess,  forming  a quasi-saline  compound,  Soiilc  Ainminatc,  ALNaOe, 
which  is  reprecipitated  by  excess  of  AmCl,  or  by  AmHo,  after 
neutralisation  of  the  alkali  by  hydrochloric  acid.  The  alkaline 
solution  is  not  precipitated  by  SAm^  (method  op  separation  op  Al 

FROM  Fe’^'). 

AmHo  precipitates  the  hydrate,  somewhat  soluble  in  excess,  in- 
soluble in  the  presence  of  much  ammonic  chloride,  and  on  boiling. 

CONaoa  or  COAmo2  precipitates  basic  carbonate  of  uncertain  compo- 
sition. 

COBao"  completely,  but  slowly,  precipitates  ALHos,  even  in  the 
cold,  mixed  with  basic  salt.  Cai’bonic  anhydride  escapes. 

POHoNao2  gives  a hulJcy  white  precipitate  of  aluminic  ithos|iliate, 
PaOjAljo’'*,  insoluble  in  AmHo  and  AmCl ; soluble  in  KHo  or  NaHo, 
like  the  hydrate  (AmCl  reprecipitates  the  phosphate  from  the  soda 
solution),  and  in  acids,  but  not  in  hot  acetic  acid  (Distinction  op 
AI2O3  FROM  Aluminic  Phosphate).  Alkaline  acetates  precipitate 
P2O2AL0"  from  its  solution  in  mineral  acids.  The  presence  of 
citric  acid,  but  not  of  tartaric  acid  or  of  sugar,  prevents  its  precipi- 
tation. 

In  order  to  decompose  aluminic  phosphate  {e.g.,  in  the  mineral  wavellite, 
P40(Al205)'’'3l2OH2),  it  is  best  to  fuse  the  finely  powdered  mineral  with 
li  part  of  finely  divided  SiOo,  and  6 parts  of  CONa02,  in  a platinum  crucible, 
for  about  half  an  hour.  The  mass  is  digested  for  some  tune  with  water,  and 
COHoAmo  added  in  excess  ; it  is  then  filtered  and  washed.  The  residue  consists 
of  aluminic  and  sodic  silicate,  the  solution  contains  the  sodic  phosphate. 
Dissolve  the  residue  in  dilute  hydrochloric  acid,  and  evaporate  to  dryness  to 
separate  the  sihea,  and  filter.  The  filtrate  may  be  tested  for  Al  in  the  usual 
way. 

Alumina  occurs  mostlj'^  in  minerals  which  are  not  soluble  in 
acids.  Boiling  with  concentrated  sulphuric  acid  attacks  many  ; all 
are,  however,  decomposed  by  fusion  with  SO2H0K0,  or  with  fusion 
mixture,  and  become  readily  soluble  in  water  or  in  dilute  hydro- 
chloric acid. 

Powder  up  some  porcelain  very  finely,  and  fuse  for  half  an  hour  in  a platinum 
crueible,  with  four  times  its  weight  of  fusion  mixture.  Extract  with  water. 
Transfer  both  the  soluble  and  insoluble  portion — consisting  of  alkaline  aluminate 
— to  a porcelain  dish,  acidulate  with  hydrochloric  acid,  and  evaporate  to  dryness. 
Take  up  with  a few  drops  of  concentrated  hydrochloric  acid  and  hot  water,  and 
filter  ; wash  the  insoluble  SiOp  well  with  hot  water.  The  filtrate  contains  the 
aluminium  as  AI2CI5,  from  which  it  can  be  precipitated  as  usual. 

Aluminic  silicate  is  often  found  in  nature  associated  with  potas- 
sic  or  sodic  silicate,  as  in  fehpar  (dipotassic  aluminic  hexasilicate), 
SioOsKoaAho''',  and  alhite,  SioOgHao2Al20'''.  In  order  to  test  for 
potassium  and  sodium,  alkali  salts  must,  of  course,  be  carefully 
avoided.  This  can  be  done  by  making  use  of  hydrofluoric  acid. 

I ntroduce  a small  quantity  of  finely  powderedyeZspor  into  a platinum  crucible 
or  dish  ; treat  with  liquid  hydrofluoric  acid,  and  evaporate  at  a gentle  heat  in  a 


Fe  and  Al.  It  must  likewise  be  recollected  that  NoHo  acts  destructively  upon 
porcelain  and  glass  vessels ; the  precipitate  should,  therefore,  not  be  heated 
longer  than  is  necessary  for  its  complete  precipitation. 
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closet  wMeh  is  connected  with,  the  chimney.  HP  attacks  the  SiO^,  forming 
silicic  fluoride,  SiF^— a Tolatile  compound — and  leaves  the  aluminium  and  potas- 
sium behind  as  fluorides  readily  soluble  in  dilute  hydrochloric  acid : 

SifiOgHo-jAloO^*  -1-  32HF  = GSiP.,  + 2ZF  -t-  AljPg  + I6OH2. 

The  decomposition  is  generally  only  completed  after  two  or  three  evaporations 
with  HP. 

QUESTIONS  AND  EXERCISES. 

1.  Enumerate  some  of  the  more  important  aluminium  minerals;  give  constitu- 

tional and  graphic  formulse. 

2.  How  is  Al-.O^  detected  in  the  dry  way  ? 

3.  Give  equations  for  the  reactions  of  aluminium  in  the  wet  way. 

4.  How  can  insoluble  aluminium  minerals  bo  rendered  soluble  in  water  or 

acids  ? 

5.  Explain  the  action  of  HP  uponyfe/spur  and  albite. 

6.  How  can  AL>0;,  be  separated  from  Fe^Oj  ? 

7.  How  is  Aljd;,  separated  from  Fe",  Zn",  Mn",  Ni",  Co"  compounds  ? 

8.  How  can  ALO3  bo  distinguished  from  PoO^ALo''*  ? 

The  separation  of  the  metals  of  Group  III  is  surrounded  by  some 
difficulties,  on  account  of  the  unavoidable  complication  wbicli  arises 
from  the  possibly  simultaneous  precipitation  of — 

1st.  Sulphides,  viz.,  NiS,  CoS,  MnS,  ZnS,  FeS. 

2nd.  Hydra, tes,  viz.,  CraHoe,  ALHoo,  and 
3rd.  Phosphates  of  Cr,  Al,  Ba,  Sr,  Ca,  Mg, 

and  it  is  therefore  well  always  to  ascertain,  by  a special  experiment, 
whether  phosphoric  acid,  in  combination,  with  the  above  metals,  is 
present  or  not  in  the  solution  under  examination. 

This  can  readily  be  done  by  adding  AmCl,  AmHo,  and  SAmo 
to  a small  portion  of  a solution  of  metals  of  this  group  (or  to  the 
filtrate  from  Group  II).  On  dissolving  the  precipitate  which  these 
reagents  produce  in  a little  concentrated  nitric  acid,  and  adding  a- 
solution  of  ainmonic  molybdate,*  a yellow  precipitate  is  obtained 
(especially  on  digesting  for  some  time  at  a gentle  heat),  showing 
the  presence  of  phosphoric  acid.  If  no  precipitate  is  obtained,  the 
solution  need  only  be  examined  for  Ni,  Oo,  Mn,  Zu,  Fe,  Al, 
and  Cr. 

I.  Plio.sylioric  acirt  is  absent. — This  is  sufficiently  indicated  if 
the  original  substance  dissolved  readily  in  water.  If  insoluble  in 
water,  but  soluble  in  dilute  acids,  phosphoric  acid  may  likewise  be 
absent  from  the  substance,  but  not  necessarily  so. 

It  would  appear  at  flrst  sight  that  the  deportment  of  the  five  sulphides  and 
two  hydrates  with  ammonic  chloride  and  ainmonic  hydrate,  sodio  or  potassic 
liydrate,  or  dilute  acids  {e.ff.,  HCl),  would  enable  the  members  of  tliis  group  to 
be  separated,  or  several  of  them,  from  each  other.  It  has  been  seen,  for  example, 
that — 

1st.  Ni,  Co,  Mn,  Zn  are  not  precipitated  hy  AmHo  from  a hot  solution  con- 
taining large  excess  of  AmCl;  FeiHoojCrjHoB,  and  AlHoe  are  precipi- 

tated. It  has,  however,  been  found  that  the  mode  of  separation  based  upon  this 


* For  the  prcjiaration  of  this  reagent  see  Appendix. 
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solvent  property  of  amnionic  eliloride,  gives  but  imperfect  results,  since  the 
FeoIIou  carries  clown  varying  quantities  of  other  oxides,  especially  on  exposure  oi 
the'  solution  to  the  air,  when  higher  oxides  of  manganese  and  cobalt  are  formed, 
whicli  are  not  soluble  in  ammonic  chloride.  Small  quantities  of  Ni,  Co,  Mn,  and 
Zn  are  thus  frequently  overlooked  altogether.  It  is  only  by  redissolving  the  pre- 
cipitate and  rejjrecipitating  several  times  over  with  AmCl  and  Amllo,  as  long  as 
the  ammoniacal  filtrate  gives  a precipitate  wdth  sulphuretted  hych-ogen,  that  iron 
can  be  separated  from  manganese,  etc.,  in  this  manner. 

With  these  precautions,  however,  it  is  mostly  iiossible  to  separate  the  metals 
of  this  group  from  each  other  by  first  precipitating  ferric,  chromic,  and  aluminic 
hydrates  by  means  of  AmCl  and  Amllo,  and  tlien,  from  the  fi  trate,  the  sidphides 
of  Ni,  Co,  'Mu,  and  Zn  by  means  of  SHo  or  S.-Vni;, ; and  the  following  method 
of  separation  may  be  consulted  with  advantage  by  beginners,  as  well  as  the  more 
accurate,  but  more  tedious  one,  of  separation  by  COBao"  (see  Table,  pp.  18  and  19) . 

2nd.  That  Zn.  Al,  and  Or  are  precipitated  bp  Kilo  or  Nallo,  but  are  soluble 
in  excess,  whilst  the  other  metallic  hydrates  are  insoluble.  From  tliis  it  would 
appear  that  these  three  metals  can  be  separated  by  means  of  the  fixed  alkaline 
hydrates.  But  it  has  been  found  that  FeoHos,  KTiTIoj,  CoHo.2,  MnHoj  carry 
down  appreciable  quantities  of  ZuTIoq  and — more  especially  the  Fealloe  precipi- 
tate— of  CrjHog,  and  that  a complete  separation  cannot  be  effected  by  precipita- 
tion with  KHo  or  Nallo. 

3rd.  Cold  dilute  hydrochloric  acid  does  not  dissolve  CoS  or  NiS  to  any  great 
extent,  but  dissolves  the  other  sulphides  and  hydrates.  This  method,  if  practised 
with  care,  gives  good  results,  small  traces  only  of  CaS  and  NiS  being  generally 
dissolved  out.  But  as  it  leaves  the  iron,  aluminium,  and  chromium  still  to  be 
separated  fi-om  manganese  and  zincj  no  saving  of  laboiu’  is  effected  thereby  in  the 
separation  of  these  seven  metals. 

Finelij  divided  freshly  precipitated  liai-in  carbonate,  COBao'',  is  a 
reagent  which  separates  the  lower  oxides,  viz.,  ZnO,.  MnO,  NiO,  CoO 
(this  latter  not  quite  so  perfectly,  except  in  the  presence  of  mucli 
amnionic  chloride), /roTO  the  higher  oxides,  viz.,  Fe^Os,  ALO3,  and 
CrjOs.  The  metals  should  be  first  obtained  as  chlorides. 

The  examination  of  the  precipitate  produced  by  COBao"  is  based 
upon — 

1st.  The  solubility  of  A1.,Hob  in  NaHo. 

2nd.  The  conversion  of  CTiOa  into  CrOa  by  fusion  with  sodic  car- 
bonate and  nitre,  or  by  boiling  with  ClNao,  or  with  PbO^  in  an  alka- 
line solution. 

The  examination  of  filtrate  is  based  upon — 

1st.  The  solubility  of  ZnBoa  in  sodic  hydrate. 

2nd.  ,,  MnS  in  acetic  acid. 

3rd.  The  formation  of  soluble  KsCo^Cyia  and  the  precipitation  of 
Ni  as  black  Ni^Hoe  by  ClNao,  or  chlorine. 

Directions  for  the  separation  of  these  seven  metals  "will  be  found 
in  the  analytical  tables  under  Group  IIIa. 

PRACTICAL  EXERCISES*  ON  GROUPS  IIIa,  IV  and  V. 

1.  A solution  of  ferric  chloride,  ammonium  alum  and  manganous  chloride,  con- 
taining '.500  grm.  of  Fe,  '050  grin,  of  Mn,  and  "050  grin,  of  Al. 


* These  exercises  may  of  course  be  varied,  and  should  be  looked  upon  merely 
as  indicative  of  the  course  to  be  pursued. 
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2.  A solutiou  of  SOoNio"  and  N0O4C00",  containing  '050  grm.  of  Ni  and  '010 

grm.  of  Co. 

3.  A mixture  of  the  solid  salts  : zinc  n-liite,  green  vitriol  and  potassium  alum  ; 

both  in  the  dry  and  in  the  wet  way. 

4.  A solution  of  SO.jZno"  and  potassium  chrome  alum,  containing  '500  grm.  of 

Or  and  '050  of  Zn. 

5.  A mixture  of  potassium  chrome  alum  and  green  vitriol  (about  '050  grm.),  in 

the  dry  way  only. 

6.  A mixtime  consisting  of  ferric  oxide,  manganic  oxide  and  zincic  oxide,  con- 

taining '050  grm.  of  I'e;03  ’010  grm.  of  MnOo  and  '100  grm.  of  ZnO  5 to 
be  examined  in  the  dry  way  only. 

7.  A sample  of  dolomite,  for  Pc'^  (Mn)  Ca  and  Mg. 

H.  A sample  of  calc  spar,  for  Ee"  and  Mg. 

0.  Samples  of  iron  ores,  e.//.,  red  hcemutite,  hroim  hcematite,  magnetic  iron  ore, 
martial  pyrites,  to  be  examined  for  water  and  sulphur  only. 

10.  A sample  of  calamine,  in  the  dry  way  only. 

11.  A sample  of  chrome  iron  ore  for  chromium  in  the  dry  way. 

12.  A sample  of  magnetic  iron  ore  for  Ee",  in  the  wet  way. 

Tabulate  the  reactions  produced  by  AmCl  and  Amllo,  NaHo  or  SAmo  with 
llie  members  of  Group  111a,  according  to  the  following  scheme i — 


Reagent. 

ALO3. 

CmO;,. 

Fe.Oa. 

ZnO. 

MCnO. 

NiO. 

CoO. 

AmCl, 

and 

Amllo. 

A white  gelatin- 
ous j)recipitate 
of  Alollon, 

slightly  soluble 
in  excess,  rc- 
precij)itated  on 
boiling. 

NaHo. 

Ditto,  soluble 

iu  excess. 

SAmo. 

A white  gelatin- 
ous precipitate 
of  A1,1I0(5,  in- 
soluble iu  ex- 
cess. 

with  the  main  view  of  fixing  upon  the  memory  the  solubihty  or  insolubility  of  ' 
the  precipitates  in  excess  of  the  reagents.  ■' 

II.  iMiosiiIiorlc  Ada  is  present. — The  original  substance  y\'as  ; 
cither  insoluble  or  only  partially  soluble  in  water,  but  soluble  in 
hydrochloric  acid.  In  this  case  AmCl  and  AniHo*  produce  a pre-  ' 
ci'pitate  before  SAni2  is  added  ; the  precipitate  may  possibly  consist  i 
of  NiS,  CoS,  MnS,  ZnS,  PeS,  Al.JIOc,  Cr^Hoo,  as  well  as  the  :■ 
phosphates  of  (Cr),  Al,  Mg,  Ca,  Sr,  J3a. 

It  is  obvious  that  animonic  phosphate  is  formed  by  tlie  decom- 
position of  the  phosphates  of  the  metals  Ni,  Co,  Mn,  Zn,  Fe  (if  pre-  ^ 

* If  AmCl  and  AniHo  should  give  no  precipitate,  it  is  obvious  that  no  phos-  | 
I'hates  and  no  Ee,  Al  and  Cr  need  bo  looked  for. 
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sent)  by  SAmj — AniCl  and  AmHo  precipitate  these  phosphates 
without  decomposition— which,  in  its  turn,  would  act  upon  any 
soluble  salts  of  Mg,  Ba,  Sr,  Ca,  and  precipitate  phosphates  of  these 
metals,  although  none  may  have  been  present  originally  in  the 
saline  mixture.  An  example  will  make  this  clear.  Let  us  suppose 
that  the  substance  under  examination  consists  of  COBao",  P20jCao"3 
and  P202Feoo".  On  dissolving  in  hydrochloric  acid,  baric  chloride 
is  formed,  and  the  calcic  and  ferric  phosphates  are  dissolved  with- 
out decomposition.  On  adding  AmCl  and  AmHo,  a yellowish- 
white  precipitate  of  P202Fe3o'’*  and  P202Cao"3  is  obtained,  whilst 
BaCL  is  not  precipitated.  On  adding,  however,  SAmj  as  well  as 
the  AmCl  and  AmHo  to  the  solution,  P302Fe2o'’*  is  decomposed  into 
FeS  and  POAmo3,  which  latter,  by  acting  npon  the  BaCL,  would 
precipitate  baric  phosphate. 

In  order  to  avoid  this,  the  precipitate  produced  in  Group  III  by 
AmCl  and  AmHo,  which  contains  for  the  most  part  the  whole  of 
the  phosphates,  is  filtered  off  and  SAm2  added  to  the  filtrate  only. 
The  two  precipitates  are  v/ashed  separately,  transferred  to  a porce- 
lain dish,  and  boiled  with  a little  SAm2,  which  decomposes  the 
metallic  phosphates  (possibly  also  some  Fe2Hoe),  leaving  the  phos- 
phates of  the  earths  and  alkaline  earthy  bases  (if  any)  as  well  as 
t he  hydrates  of  Cr  and  Al,  unchanged.  The  insoluble  residue  is 
filtered  off  and  washed  with  hot  water  (to  which  a little  SAin-2  has 
been  added  to  pi’event  the  oxidation  of  FeS,  etc.)  ; the  filtrate  is 
tested  for  phosphoric  acid  by  means  of  AmCl,  AmHo,  and  SG2Mgo". 
A white  crystalline  precipitate  shows  that  phosphoric  acid  was 
present,  in  comhination  with  the  metals  precipitable  as  svlphides. 

The  residue  is  dissolved  in  very  little  hot  hydrochloric  acid,  with 
the  addition  of  a little  concentrated  nitric  acid;  filtered,  if  necessary, 
from  the  sulphur  which  separates,  and  concentrated  to  a small  bulk 
by  evaporation.  To  a portion  of  the  solution  add  a little  more  con- 
centrated nitric  acid,  and  then  some  amnionic  molybdate,  and  heat 
gently.  In  the  absence  of  a yellow  precipitate,  no  phosphates  of 
(Cr),  Al,  Ba,  Sr,  Ca,  Mg  need  be  looked  for,  and  the  solution  may 
be  examined  at  once  according  to  Table  IIIa.  A yellow  precipitate 
indicates  that  'phosphates  of  the  earths  or  alkaline  earthy  bases,  or  of 
both,  are  present,  in  addition  to  the  metallic  phosphates  already 
tested  for. 
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. Add  AmCl  in  considorablo  excess  ; heat  gently,  and  then  add  AmHo  drop  by 
of  Fe'''.)  Filter  quickly,  and  -wash  -witb  hot  water.  Eeserve  the  ammonia- 
filter.  Collect  the  acid  solution  in  another  beaker,  and  repeat  in  like 
produces  any  precipitate  in  the  filtrate.  Mix  now  the  different  am- 


iiOLUTiON. — Pass  a cun-cnt  of  SFo  though  the  solution,  and  filter  off  ZnS,. 
MnS,  NiS,  CoS.  Wash  oft’  tlie  filter,  and  redissolve  the  precipitate  in 

dilute  IICl,  with  the  addition  of  a few  small  crystals  -^^d 

Nallo  in  excess,  boil,  and  filter. 

The  Solution  may 
conlain  Zn,  as 
ZnNaoo.  Add 

Silo.  White 

])recipitato  of 

ZnS. 

The  PUECII’ITATE  may  conlain  Mnlloo,  C0II03,  and 
Nilloo.  Wasli,  dissolve  in  a little  dilute  HCl ; nearly 

f CIT. 

neutralize  with  AmHo  ; add  excess  of  ! pass 

a rapid  current  of  SIIj  for  several  minutes  through  the 
solution  and  filter. 

I'rcKciirc  «f  Zn. 

The  SoruTiON 

contains  the 

manganese  as 

acetate. 

Add  AinCl,AmITo, 
and  Sulphu- 

retted Hydrogen 
Water. 

Flesh  - coloured 
precipitate  of 

MnS. 

I'rcseiice  of  Mn. 

Hesidue. — Dissolve  in  HCl  and 

{ OKo  ’ ’^®arly  neutralize  with 

COiUaoo  ; add  a weak  solution  of 
IvCy,  so  ns  just  to  rcdissolve  the 
precipitate  first  produced.  Boil 
briskly  for  some  time,  allow  to  cool 
(filter  off’  any  slight  precipitate), 
and  add  a xlrong  solution  of  ClNao  ; 
allow  to  stand  for  some  time  in  a 
warm  ])lace,  as  long  as  a black  pre- 
cipitate forms,  and  filter. 

Pkeoipitate  con- 
sists of  Niollofi. 
Filter  off  and 
confirm  by  heat- 
ing a small  por- 
tion of  it  on  a 
borax  bead  be- 
fore the  blow- 
ifipe  flame. 

A yellowish  to 
sherry-red  bead. 

I'rcseiicc  of  Tfl. 

Tlie  Solution  con- 
tains the  cobalt 
as  KgCojCyio. 

Evaporate  to 

dryness,  and  test 
a little  of  the 
residue  before 
the  blowpipe 

flame  on  a borax 
bead. 

A blue  bend  in 
both  flames. 

Presence  of  Co. 

5o 


MEANS  OF  AmCl  AND  AmHo,  AND  BY  MEANS  OF  SAm,. 


dro])  as  long  ns  a precipitate  conies  dovni.  (The  iron  must  be  present  in  the  form 
cal  filtrate.  Kedissolve  the  precipitate  by  treating  it  with  hot  dilute  HCl  on  the 
manner  tlie  precipitation  with  AmCl  and  AmHo,  as  long  as  good  SHa  ivater 
moniacal  filtrates  with  the  main  filtrate. 


The  PuECiPiTATK  consists  of  Fe^Hog,  Cr._,ITo6,  and  AloHog.  Dissolve  in 
dilute  liCl,  add  a solution  of  NaHo  (free  I'rom  alumina)  in  excess,  and  boil 
for  some  time.  Fitter  off. 


Pkecipitate. — Dry  and  fuse,  with  fusion  mixture 
and  NOjKo  on  platinum  foil.  Dissolve  in  hot 
water,  and  filter. 


Pestdue. — Dissolve  in  di- 
lute HCl,  and  add 
K^FeCve. 

A )irecipitate  of  Prussian 
blue. 

Presence  of  Fe. 

Test  the  orisiinal  IICl 
solution  specially  for 
Fe''  and  Fe''  by  means 
of  Mn.jOgKoj  in  a 
highly  dilute  solution 
as  well  as  by  means  of 
KjFeCy5,  FgFe2Cyi2, 
or  CyAins. 


Solution,  yellow.  Con- 
firm by  adding 

Yellow  precipitate  of 
CrOaPbo". 

Presence  of  Cr. 

Note. — Traces  of  man- 
ganese— owing  (o  imper- 
tect  separation  of  Mn 
from  Fe  by  precipitation 
with  AmCl  and  AmHo — 
are  indicated  by  the 
bluish-ffreen  colour  of  the 
fused  mass  arising  from 
the  formation  of  an  alka- 
line manganate,  and  after 
dissolving  in  water,  by  the 
■purplUk-redeolonv  of  the 
alkaline  permanganate. 


Solution.  — Acidulate 
with  dilute  HCl,  and 
add  AmHo  in  slujht 
excess. 

White  gelatinous  pre- 
cipitate. 

Presence  of  Al. 

Note. — If  no  sodic  hy- 
drate free  from  alumina 
can  be  obtained,  it  is  ne- 
cessary to  test  an  equal 
bulk  of  the  reagent  by 
acidulating  with  HCl  and 
adding  a slight  excess  of 
AmHo,  and  then  com- 
paring the  AljHoj  thus 
precipitated  with  the  pre- 
cipitate obtained  in  testing 
the  solution  under  ex- 
amination. 
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If  so,  add  to  tlie  rest  of  the  solution  CONaOj,  till  nearly  neutral, 
then  an  excess  of  a solution*  containing  sodic  acetate  and  strong 
acetic  acid : PoOpFe^o"  (as  well  as  P^OoCi^o''’*  and  P202AloO'’‘,  if 
present),  are  precipitated.  Any  phosphates  of  the  alkaline  earths 
left  nndecomposed  by  the  ferric  chloride  already  present  in  the  solu- 
tion, are  held  in  solution  by  the  acetic  acid.  To  the  filtrate  adrl 
Pe.^Cle,  droiD  by  drojj,  as  long  as  a ]irecipitatet  is  obtained,  and 
till  the  colour  of  the  supernatant  liquid  becomes  distinctly  reddish. 
Digest  at  a gentle  heat;  allow  to  subside  and  filter.  In  this  manner 
the  whole  of  the  phosphates  of  the  alkaline  earthy  bases  are  decom- 
posed, with  formalion  of  P202FenO''’*,  insoluble  in  acetic  acid — (which 
precipitate  may  be  neglected),  and  chloi'ides  of  Mg,  Ba,  Sr,  Ca 
which  remain  in  solution,  togelher  with  the  chlorides  of  Ni,  Co, 
Mn,  Zn  (and  the  excess  of  Fe2Clo  added).  The  whole  of  the  phos- 
phoric acid  having  thus  been  removed,  the  precipitate  produced  by 
AmCl,  Amllo  anil  SAni2  is  examined  according  to  Table  IIIa.  The 
alkaline  earthy  metals  are  separated  according  to  Tables  IV  and  V. 
It  should  be  borne  in  mind  that  these  metals  can  have  been  present 
in  the  original  substaiico  only  as  phosphates,  and  the  filtrate  which 
contains  them  should  on  no  account  be  mixed  up  with  the  main 
filtrate  from  Group  III,  but  should  be  examined  separately. 

It  may  be  of  interest,  occasionally,  to  ascertain  wbetlier  any  oxalates  of  Bn, 
Pr  and  Ca  (which  are  destroyed  by  evaporation  with  nitric  acid  and  ignition, 
before  proceeding  to  Q-roup  111),  were  present  in  the  original  mixture,  in  which 
case  the  evtijtoraiion  to  dryness  and  ignition  must  bo  omitted. 

The  jtrecipilate  jirodneod  in  Q-roup  111  by  AmCl  and  Amllo  alone  contains 
the  oxalates,  as  well  as  the  jihosphatcs  of  the  alkaline  earthy  bases,  and  possibly 
also  gelatinous  silica.  The  oxalates  arc  decomposed  by  gently  igniting  the  pre- 
cipitate, and  are  converted  into  carbonates.  The  ignited  mass  effervesces  strongly 
on  extracting  with  dilute  hydrochloric  acid.  When  the  solution  is  evaporated  to 
rlryness  and  again  taken  up  with  dilute  HCl,  the  silica,  it  present,  is  rendered 
insoluble,  and  may  be  sc])arated  by  filtration.  To  the  acid  solution,  which  may 
possibly  contain  phosphates  of  Mg,  Ca,  Sr,  and  Ba,  as  well  as  chlorides  of  the 
bases,  present  before  ignition  as  oxalates,  add  AmCl  and  Amllo  and  filter 
oir.  The  filtrate  contains  the  chlorides  ot'Ba,  Sr  and  Ca,  and  is  tested  sepai’ately 
according  to  Table  IV.  All  bases  so  discovebed  must  have  been  present 
OUIOINALI.Y  AS  OxALATES. 

The  separation  op  the  metals  and  salts  (phosphates)  precipi- 
tated IN  Group  IIIb  is  based  upon: — 

1st.  The  insoluhility  of  the  phosphates  of  Fe,  Al  (and  Cr)  in  acetic 
add,  in  the  p>nesence  of  an  alkaline  acetate. 

2nd.  The  separation  of  the  whole  of  the  phosphoric  aod  winch  is  in 
combination  with  the  alkaline  earthy  bases,  by  means  oj  FejCU, 
in  an  acetic  solution. 


* For  the  preparation  of  this  reagent  see  Appendix. 

t If  any  phosphates  of  the  alkaline  earthy  ba.«cs  be  left,  Fe^.Clfi  should  pro- 
duce a yellowish-white  precipitate  when  added  to  a por/ioii  of  ihe  acetic,  acid 
.s’olution,i'i  not,  no  ferric  salt  need  be  added  to  the  main  portion  of  the  fiUraic. 
(The  iirescnceof  iron,  other  than  phosphate,  is  generally  indicated  by  the  reddish 
or  ferric  acetate  colour  of  the  filtrate.)  In  this  case  Al  and  Cr,  as  well  as  the 
metals  of  the  alkaline  earths,  will  still  have  to  bo  looked  for  in  the  tiltiate. 


REACTIONS  OF  THE  METALS  OP  GROUP  II. 
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All  other  operations  are  identical  with  those  described  in  Tables 
ITIa,  IV  and  Y. 

A tabular  scheme  for  their  examination*  will  be  found  in  the 
analytical  tables,  under  Group  IIIb. 

QUESTIONS  AND  PRACTICAL  EXERCISES  ON  GROUP  IIIb. 

1.  A hydrochloric  acid  solution,  containing  common  sodic  pliosphate,  ferric 
chloride,  calcic  and  magnesic  chlorides. 

2 A hydrochloric  acid  solution,  containing  common  sodic  phosphate,  nickelous 
sulphate,  cobaltous  nitrate,  zincic  sulphate,  and  ferric  chloride. 

3.  A hydrocliloric  acid  solution  of  calcic  phosphate,  chrouuc  chloride,  and 

aluminic  23hosphate. 

4.  A mixture  of  bone-ash  and  much  ferric  oxide. 

5.  A mixture  containing  little  ferric  oxide  and  much  magnesite  (or  magnesia 

alba)  and  hone-ash. 

6.  A hydrocldoric  acid  solution  of  common  alum  and  hydric  disodic  phosjihate. 

7.  How  woidd  you  recognise  alumina  in  the  presence  of  aluminic  jjhosphate  ? 

8.  Given  a reddish-colomed  solution  (owing  to  the  2>resence  of  ferric  salts), 

which  gives  a cojaious  ^precipitate  on  the  addition  of  sodic  acetate  and 
acetic  acid  in  the  cold,  leaving  the  solution  still  colom’ed.  What  inference 
is  to  be  drawn  from  this  observation  ? 

9.  A solution  contains  chromic  chloride,  chromic  phos^phate,  and  dipotassic 

dichromate.  State  how  you  would  distinguish  these  three  chromium 
compounds  from  each  other. 

10.  An  acid  solution  (HCl)  of  a mixture,  consisting  of  ferric  chloride,  baric 

chloride,  and  common  sodic  phosjahate,  retains  its  reddish  colour,  after 
j»recipitation  with  sodic  acetate  and  acetic  acid.  What  inference  must  be 
drawn  from  this,  and  what  wovdd  you  infer  if  the  filtrate  were  colourless, 
but  gave  no  further  jorecipitate  on  the  addition  of  Fe^Clg  ? 

11.  A'ou  have  a solution  given  to  you  which  gives  a j^reciyiitate  with  AmCl  and 

AmHo.  What  inference  must  you  draw  if  the  filtrate  gives  no  further 
precipitate  on  the  addition  of  SAni2  ? 

12.  You  have  given  to  you  a concentrated  solution  of  ferric  chloride.  On  adding 

a few  drojjs  of  a solution  of  hydric  disodic  ^phosphate,  a yellowish  f)iT- 
cipitate  appears.  Exjrlain  what  takes  jplace,  1st.  When  a portion  of  the 
solution  in  which  the  jPi'ecijpitate  is  suspended  is  boiled.  2nd.  Wlien 
acetic  acid  is  added,  in  tire  cold,  to  another  portion.  3rd.  Wlien  the  jrre- 
cipitate  is  filtered  and  treated  with  excess  of  the  hydric  disodic  jrhosjrhate 
in  the  presence  of  ammonia. 


Chapter  V. 

REACTIONS  OP  THE  METALS  OP  GROUP  II. 

This  group  comprises  the  metals  mercury,  lead,  bismuth,  copper, 

CADMIUM,  ARSENIC,  ANTIMONY,  TIN  (GOLD  AND  PLATINUM),  which  are 
precipitated  from  acid  solutions  (HCl)  by  means  of  sulphuretted 
hydrogen. 

Mix  together  solutions  of  NaOsBio'",  HgCL,  SOoCuo",  CdCL,  AsoOh 
(dissolved  in  UCl),  N204Bbo",  SbClj,  SnClj,  and  SnCb,  and  jiass  a current  of 


* The  examination  of  Group  liln,  containing  phosphates,  may  be  deferred 
until  tile  student  has  become  acquainted  witli  the  reactions  for  acids. 
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SULPHO-BASES.  SULPHO-ACIDS, 


SHo,  without  first  filtering  off  the  white  precipitate  which  is  produced.  Filter  ; 
pass  the  gas  again  through  the  clear  filtrate,  to  make  sure  that  the  metals  have 
been  entirely  precipitated.  Wash  the  precipitate  1^111  hot  water ; remove  a por- 
tion from  the  filter  ; boil  with  a little  yellow  ammonic  suljihide,  and  filter  off.  A 
blacjc  residue  is  left,  consisting  of  Eg-S,  PbS,  B12S3,  CuS,  CdS.  The  solution 
contains  Aso?,,  SbjS;),  SnS  and  SnS-i.  This  can  be  shown  by  acidulating  with 
dilute  hydrochloric  acid,  when  a yellow  prcci)iitate  comes  down — because  yellow 
ammonic  sulphide  converts  SnS  into  SnSj, — consisting  of  the  sulphides  of  As, 
Sb,  Sn. 

G'nis  shows  that  Qmip  II  may  he  divided,  hy  means  of  a.mnionic 
sulphide,  into  two  pioiiions. 

The  name  sulphide,  in  its  widest  sense,  is  given  to  all  compounds  into  which 
sulphur  enters  as  the  ohictrouegative  clement.  A remarkable  analogy  is  ob- 
servable between  oxides  and  sulphides.  There  is  a certaiu  class  of  sulphides 
which  resembles  mctallie  oxides  or  bases  ; another  class  which  plays  the  part  of 
oxy -acids.  Sulphides  are  tliorefore  divided  into  sulpho-bases  and  sulpho-acids. 
To  the  latter  belong  the  sulphides  of  II,  As,  Sn,  Sb  (Pt,  An)  ; to  the  former  the 
suljdiides  of  many  metals,  especially  such  of  the  metals  as  constitute  powerful 
l)ases  (K,  Na,  Am,  Ba,  Ca,  etc.).  An  electropositive  clement,  which  forms  with 
oxygon  an  oxide,  combines  generally  also  with  the  same  number  of  sulphur 
atoms,  to  form  a corresponding  in  which  the  sulphur  is  almost  inva- 

riably a dyad. 

I’ho  resemblance  in  the  constitution  of  these  oxygen  and  sulphur  compounds 
is  further  borne  out  by  the  analogy  in  their  solubility  and  alkaline  reaction  : — 


Oxy-hases. 

OKj  Potas.^a,  alkaline  and  soluble. 


OAnio 

OMuo 

BaO‘ 

CaO 

FeO 


ZnO 


Annnonia  „ 

Soda  „ 

Baryta  ,, 

Lime*  ,, 

Ferrous  oxide, 


Zincic 


n 

no  reaction, 
insoluble.. 

tJ 


&tdpho-bases. 


SKa  Potassic  sulphide,  alkaline  and 


S-AiUo 

Ammonic 

JJ 

soluble. 

SNao 

Sodic 

)) 

BaS 

Baric 

>> 

tt 

CaS 

Calcic 

ft 

BeS 

Ferrous 

ft 

jio  reaction. 

ZnS 

Zincic 

insoluble. 

ft 

Oxy-anhydrides, 
ASjOa  Arsenious  anhydride. 

AsjOj  Arsenic  „ 

SboOa  Antimonious  „ 

SboOg  Antimonic  „ 

SuO^  Stannic  „ 

Oxy-acids. 

AsITo.i  Arsenious  acid. 
AsOHOa  Arsenic  acid. 
SbIIo3  Antimonious  acid. 
SbOHos  Antimonic  acid. 
Sb02lIo  Metantimonic  acid. 
Snlloj  Stannic  acid. 


Salpho-anhydrides. 

AS2S3  Arsenious  suljthide,  or  sul- 
pharseiiious  anhydride. 

AsoSg  Arsenic  sulphide,  or  sulphnr- 
senic  anhydride. 

SboSa  Antimonious  sulpliide,  or  sul- 
phantimonious  anhydride. 

SbjSa  Antimonic  srilphide,  or  sul- 
phantimonie  anhydride. 

SnSi  Stannic  sulphide,  or  sulpho- 
stannic  anJiydride. 

Sulpho-acids. 

AsIIsa  Sulpharsenious  acid. 

AsSIIsg  Sulphurscnic  acid. 

Sbllsa  Sulphautimouious  acid. 

SbSHss  Sulphantimonic  acid. 

SbSoHs  Sulphometantimonic  acid. 

Snllsj  Sulphostannic  acid. 


Sulpho-salfs  arc  obtained  by  the  mutual  action  of  a sulpho-aeid  and  a sulpho- 
base  upon  eacli  other. 


SULPHO-SiVLTS. 
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Sulpliides  soluble  in  water,  comprising  the  sulphides  of  the  alkalies  and 
alkaline  earthy  metals,  are  divided  into  normal  sulphides,  such  as  SK.j,  SAm2, 
SNaj,  BaS  ; into  sulphi/draies  (acid  sidphides),  such  as  SKH,  SAmH,  BaHs2  ; 
and  polpsulphides,  such  as  S^Ha,  S5K2,  SsAmo.  The  aqueous  solutions  of  the 
normal  and  acid  sidphides  ai’e  colourless,  and  give  off  SHa  when  treated  with 
dilute  hydrochloric  acid,  loilhout  separation  of  sulphur.  Solutions  of  the  poly- 
sulphides are  yellow,  or  yellowish-brown,  and  when  treated  with  hydrochloric 
acid,  give  off  sulphuretted  hydrogen,  with  separation  of  white  (or  precipitated) 
sulphur.  The  number  of  sulpho-salts  is  small  compared  with  the  salts  of  oxy- 
acids,  and  they  are  far  less  stable  than  ordinary  oxy-salts.  This  arises  from  the 
fact  that  sulphur  is  comparativelj'  indifferent  to  chlorine,  phosphorus,  nitrogen, 
carbon,  silicon — non-metaUic  elements,  which  are  endowed  with  a powerful 
chemical  affinity  for  oxygen,  with  wliich  they  form  in  the  presence  of  water 
energetic  oxy-acids — and  that  thei-e  are  either  no  sulphides  corresponding  to  the 
oxygen  compounds  of  these  elements,  or  sulphides  of  a very  imJillerent  nature. 
The  number  of  sulpho-acids  is  princijially  restricted  to  the  acids  enumerated 
above,  and  these  again  combine  mostly  only  with  the  soluble  sulphides  possessed 
of  an  alkaline  reaction  ; or,  if  combined  with  the  sulphides  of  the  heavy  metals, 
as  in  certain  minerals,  they  are  readily  decomposed  by  chemical  agencies. 

The  following  is  a list  of  some  of  tlm  more  imijortaut  sulpho-salts  compared 
with  the  corresponding  oxy-salts  : — 

Oxy-salts. 

SnXaOo  Disodic  stannite. 

SnOiNao2  Disodic  stannate. 

ASK03  Tripotassic  arsenite. 

AsONaoa  Trisodic  arsenate. 

SbOKo  Polassic  inetantimonite. 

SbO^Ko  Potassic  metantimonate. 


Sulpho-salts. 

Sn?fas2  Disulphosodic  sidphostannite. 
SnSNaSo  Disulphosodic  sulphostanuate. 
AsKsg  Trisulphopotassic  sulphurseuite. 
AsSNass  Trisulphosodic  sulpharseuate. 
SbSlxs  8ulpliopotassic  metusiilphanti- 
monite. 

SbSoKs  Snlphopotassic  metasulpihanti- 


Tn  these  sulphur  compounds  the  radical  Nas,  sodiumsulphyl,  occupies  the  place 
of  the  compound  radical  hiao,  sodoxyl.  lu  like  manner 

Ks  Potassiumsulphyl  occupies  the  place  of  Ko  Potassoxyl. 

Ams  Ammoniumsulphyl  ,,  Amo  Ammonoxvl. 

Das"  Bariumsulphyl  „ Bao"  Baroxyl. 

Cas  Calciumsulphyl  „ Cao”  Calciumoxyl, 

in  the  analogous  sulpho-salts. 

In.stances  of  some  interesting  natural  sulpho-salts,  to  be  con- 
sidered more  fully  under  silver  and  lead,  are : — 

AsAgS3  trisulphargentic  suhsharsenite  (proustite) . 

SbAgSs  trisulphargentic  orthosulphantimonite  (piirarqurite  or  dark  red 
s doer  ore). 

- sulphocuproso  ferrous  pyrosulphantimonite  {fahl  ore). 

orthosulphantimonite  (boulanyerite) . 

{hou  ' ^2(Cu2S  2)  disulphoplumbic  sulphocuprous  ortliosulphantimonito 

Sb^b3l  bs  Pbs  2 trisulphoplumbic  metasulphantimonite*  (Jamesonite). 

Treat  another  portion  of  the  ahov'e  Slij  precipitate  with  NaHo 
or  -j^fclo  and  filter  off.  A black  residue-  is  likewise  left,  and  on 
adding  dilute  HCl  to  the  filtrate.  As, S3,  Sb.Sa,  SnS  and  SnS-,  are 
reprecipitated. 


* This  compound  may  also  be  viewed  as  Sb.SoPb"  (sulphoplumbic  metasulph 
antimonite)  and  SbjSl  bs  2 (sulphoplumbic  pyrosulphantimonite). 
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SUBDIVISION  OF  GROUP  II. 


riiis  shows  that  the  hydrates  of  the  allcali  metals  dissolve  a 'por- 
tion of  the  sul'phides  precipitated  Inj  Sffa  in  Group  II.  The  following 
equations  explain  the  action  of  the  alkaline  hydrates: — 

SbjSa  + 6KHo  = Shksj  + SbKog  + SOH^. 

Antimonious  Trisulphopotassic  Tripotassic 

sulphide.  suliihautiiuonite.  autimonite. 

As, S3  + 4KHo  = AsHsKs,  -P  AsHoKo,  + Oil,. 

Arscnious  Sulphydric  Hydric  dipotassic 

sulphide.  disulphopotassic  arseuite. 

sulpharsenito. 

2SnS  + 4KHo  = SnKs,  + SnKo,  + 20H,. 

Stannous  Disulphopotassic  Dipotassic 

sulpliide.  sulphostannite.  stannite. 


2SnS,  + 4NaHo  = SnShTas,  + SnOlSTao,  + OH,  + SH,.* 

Stannic  Disulpliosodic  Disodic 

sulphide.  sulphostannatc.  stannate. 

Addition  of  hydrochloric  acid  reprecipitates  the  sulphides,  thus: — 
SbKs3  + SbKo,  + 6HC1  = SboS,  + 6KC1  + 30IT,. 

Hence  the  metals  which  are  precipitated  by  SH,  in  Group  II 
can  be  subdivided  by  means  of  SAm,  or  Nallo  into — 

A.  MeUds  whose  sidphid.c8  act  as  sulpho-bases,  viz.,  the  sulphides 
of  Hg,  Pb,  Hi,  Gu,  and  C’d.  These  are  insoluble  in  amnionic 
sulphide  (HgS  dissolves  to  some  extent  in  potassic  or  sodic 
sulphide;  CuS  is  somewhat  soluble  in  amnionic  sulphide). 

B.  Metals  whose  sidphides  act  as  sutpho-acids,  viz.,  the  suljihides 
of  As,  Sb,  Sn  (Au,  Pt). 

Group  II.  Subdivision  A. 

1.  Mercury.  Hg'^  Atomic  weight,  200. — Occurs  native,  but 
is  chiefly  obtained  from  cinnabar  or  mercu?-ic  sulphide,  HgS. 

EXAMINATION  IN  THE  DRY  WAY. 

Add  a little  finely-divided  lead  or  zinc  to  a few  globules  of  mercury  on  a 
watch-glass.  The  liquid  metal  mercury  becomes  thick  and  pasty  by  the  com- 
bination with  the  solid  metal  lead  or  zinc.  It  enters  into  combination  with  the 
lend,  in  the  cold,  to  form  an  amalgam.  Some  metals  combine  with  mercury 
only  when  heated. 

The  term  amalgam  is  applied  to  the  combinations  into  which 
mercury  enters  with  other  metals.  Combinations  between  metals, 
other  than  mercury,  are  called  alloys.  This  property  of  mercury 
has  received  an  important  application  in  the  extraction  of  gold 
and  silver  from  poor  ores  by  the  so-called  amalgamation  process,  in 

* No  SH,  is  given  off  in  this  reaction.  As  excess  of  Nallo  is  always  used,  it 
may  be  represented: — 

2SnS,  + 5NaHo  = SnSNas,  + SnONao,  + 2011,  -i-  Nalls. 


MERCUEOUS  AND  MERCURIC  SALTS. 
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■whicli  mercury  can  be  separated  again  by  distillation,  gold  and 
silver  being  left  behind. 

The  combination  of  the  metal  mercury  with  other  metals  at 
the  ordinary  temperature  is  obviously  due  to  its  liquid  condition, 
which  facilitates  its  being  brought  into  intimate  or  molecular 
contact  with  other  metals.  This  contact  action  is  materially 
increased,  if  the  solid  metals  are  offered  to  the  mercury  in  a finely 
divided  condition,  or  in  the  form  of  foil.  An  amalgam  of  4 parts 
of  tin  and  1 part  of  mercury  is  employed  for  making  looking- 
glasses. 

HgS  (as  well  as  SAgj,  Au.Ss,  PtSi)  parts  with  its  sulphur 
when  roasted  in  the  air,  and  yields  the  metal ; it  is  in  fact  reduced 
to  the  metallic  state  by  oxygen,  owing  to  the  weak  affinity  which 
exists  between  the  metal  mercury  and  the  non-metal  sulphur,  and 
owing  likewise  to  its  weak  affinity  for  oxygen,  on  account  of  which 
the  HgO  (and  OAgj)  first  formed  gives  up  its  oxygen  again  to  a 
fi’esh  quantity  of  HgS  (or  SAgo). 

Hydrogen  and  carbon,  copper,  tin,  zinc,  etc.,  reduce  HgS  at  a 
high  temperature,  forming  with  the  sulphur  SHj,  CS2  (carbon 
disulphide),  CuS,  etc.  The  native  HgS  is,  however,  best  reduced 
by  the  action  of  strong  bases,  such  as  lime  or  soda. 

Mix  a little  cinnabar  with  dry  CONaoj,  and  heat  in  a little  tube,  sealed  up 
at  one  end,  or  blown  into  a small  bulb.  Metallic  mercury  sublimes  and  forms  a 
mirror  in  the  cold  part  of  the  tube ; the  sulphur  is  fixed  by  the  alkali  metal. 

Mercury  salts,  when  heated  by  themselves,  out  of  contact  with 
the  £iir,  volHtilize  or  suUlimc,  Githor  wittLOiiti  dGCompositiori,  sucJi 
as  HgBr,„  HgCl  2)  Hg,,Cl2  (without  undergoing  previous  fu.sion), 
Hgl2,HgS ; or  they  are  decomposed  into  oxide  or  metal.  Salts  of 
mercury  with  fixed  acids  (PoOe,  CrOa,  etc.),  leave  fixed  residues  of 
acid  or  oxide  (Cr203). 


REACTIONS  IN  THE  WET  WAT. 

Mercury  foiuns  two  series  of  salts  : mercurous  ami  mercuric  salts. 
It  dissolves  readily  in  nitric  acid,  even  in  the  cold,  forming  mer- 
curous nitrate,  if  the  mercury  be  in  excess,  and  mercuric  nitrate,  if 
the  acid  be  in  excess.  These  salts  have  the  composition — 


n 


Mercurous 

nitrate. 


and 


Mercuric 

nitrate. 


Mercurous  salts  contain  Hg-H  ; mercuric  salts,  HgO. 

Mercurous  oxide.  Mercuric  oxide. 


The  oxygen  atom  being  in  the  one  case  linked  to  two  atoms  of 
the  dyad  mercury,  thus,  | ^g^O,  the  mercury  atoms  being  held 

together  by  one  of  their  bonds,  as  well  as  by  the  bonds  of  the  oxygen 
atom ; in  the  other  to  one  atom,  thus  Hg=0. 

Mercurous  oxide  exhibits  a tendency  to  combine  with  another 
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REACTIONS  FOR  MERCURIC  SALTS. 


atom  of  oxygen,  or  when  exposed  to  heat,  to  part  with  one  atom  of 
mercury,  and  to  become  converted  into  mercuric  oxide.  Hence 
mercurous  salts  are  powerful  reducing  agents. 

On  account  of  the  insoluble  chloride  which  'Hg2'  forms,  its  re- 
actions will  be  considered  in  connection  with  the  reactions  for 
silver  and  lead  in  Group  I. 

In  order  to  studv  the  reactions  of  mercuric  salts,  A solution  of 
NO 

MEBC'uniC  NITRATE,  jq-QHIgo",  Or  MERCURIC  CHLORIDE,  HgCh  (cO/TOSWe 
sublimate),  may  he  employed. 

SH.J  (j^roiip-reaKciit)  added  to  HgClo  gives  a blach  precipitate 
of  iiiemiric  siiipliiiic,  HgS.  H’he  precipitation  is  marked  by  charac- 
teristic changes  of  colour.  Accordingly  as  sulphuretted  hydrogen 
water  is  added  in  small  quantities,  or  the  gas  passed  slowly  through 
tlie  solution,  it  produces  at  first  a perfectly  white  jirecipitate,  and  on 
the  addition  of  moi'e  SH2,  a yclloiv  preci^Jitate  which  passes  through 
dirty  yellovj  to  brown,  and  becomes  bhick  only  when  exee.ss  of  SH2 
lias  been  added  to  the  mercuric  salt.  The  wliite,  yellow,  or  brown 
])recipitate  consists  of  varying  quantities  of  HgS  and  HgCLj. 
HgS  is  insoluble  in  nitric  or  hydrochloric  acid  and  in  yellow 
amnionic  sulphide,  potassic  hydi’ate,  or  potassic  cyanide ; soluble, 
however,  in  aqua  regia  and  in  potassic  or  sodic  sulphide  in  the  pre- 
sence of  sodic  liydratc,  but  insoluble  in  their  sulphydrates.  Long 
digestion  with  concentrated  nitric  acid  converts  the  black  HgS  into 
a white  body,  consisting  of  2HgS  -f  N20.iHgo''. 

SAm2  gives  the  same  precipitate. 

NaHo  or  KHo  added  in  excess  produces  a yellow  precipitate  of 
iiicroiirie  oxliie,  HgO,  insoluble  in  exce.ss. 

Amlio  produces  a ^uhile  prociiiitale  of  nicrcuvlc  iutiinoiiic 
ciilorltic,  2(Nll2Hg"Cl),  known  as  while  freeijoitatei” 

CONao2  or  COK02  gives  a reddish-brown  basic  precipitate. 

KI  gives  a bright  red  ]irecipitate  of  nicrcnric  iodiilc,  HgL, 
soluble  either  in  excess  of  potassic  iodide  or  of  the  mercuric  salt. 

KCy  gives  with  mercuric  nitrate  (not  the  chlonde)  a white  pre- 
cipitate of  iiicreiiric  eyaiildr,  HgCy2,  soluble  in  excess  ; not  decom- 
posed by  boiling  with  alkalies  or  alkaline  carbonates,  but  only  by 
SH2. 

Mercuric  salts  are  readily  reduced  to  mercurous  salts ; — 

SnCL  (sianiioiis  ciiiaridi!)  gives  with  mercuric  salts  a luhite  pre- 
cipitate of  mercurous  eliloridc,  HgjCb,  which  when  boiled  with 
excess  of  the  reagent,  is  reduced  to  grey  metallic  mercury.  On  pour- 
ing off  the  solution  and  boiling  the  grey  precipitate  with  HCl,  the 
mercury  is  obtained  in  little  globules. 

SOiFeo"  (ferrous  sulphate)  reduces  j^Q^igo",  but  not  HgCk, 
to  the  metallic  state. 

Cu,  Zn,  Fe  precipitate  metallic  mercury  from  mercuric  solutions, 
])rovided  they  are  not  too  acid. 

If  a strip  of  bright  aiotallic  copper  bo  enii)lojo<l,  a silvery-whito  deposit  of 
Jiictnllic  llg  is  obtained,  wbieli,  when  gently  rubbed,  shows  a bright  uietallio 
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lustre,  and  gives,  after  drying  and  heating  in  a dry  and  narrow  test-tube,  a sub- 
limate of  metallic  mercury. 

Mercuric  salts  act  tlie  part  of  oxidizing  agents ; they  are  first 
reduced  to  mercurous  salts,  and  finally  to  metallic  mercury. 


QUESTIONS  AND  EXERCISES. 

1.  "What  changes  take  place  when  the  sulphides  of  As,  Sb,  and  Sn  are  boiled, 

1st,  n-ith  SAmo,  2nd  with  NaHo  ? Express  the  changes  by  equations. 

2.  Give  the  graphic  t'orraulse  of  cinnabar,  dimercuidc  sulpho-dichloride,  of  while 

precipitate  and  of  mercuric  niti’ate. 

3.  Write  out  the  symbolic  equations  for  the  reactions  which  mercuric  nitrate 

gives  with  the  group  and  special  reagents. 

4.  Calculate  the  percentage  composition  of  white  precipitate. 

5.  How  is  corrosive  sublimate  manufactured,  and  w'hence  does  it  derive  its 

name  ? 

6.  1'5  gnu.  of  Hg-Cl.j  is  precipitated  as  HgrS  and  collected  on  a weighed  filter. 

How  much  by  weight  of  Hg-S  should  there  be  obtained  ? 

7.  Cinnabar  is  sometimes  found  adulterated  with  red-lead,  red  oxide  of  iron, 

brick-dust.  State  how  you  would  discover  the  adulteration.  (No  sepa- 
ration of  the  impurities  from  each  other  is  required.) 

8.  Wliat  reaction  takes  place  when  mercury  is  acted  upon  by  concentrated  sul- 

phuric acid?  and  by  what  consecutive  stages  is  the  product  of  this  reaction 
converted  into  white  2}>‘ecipitate  '! 


2.  LEAD,  Pb"  and  Atomic  weight,  207. — Only  a slight  pre- 

cipitate of  PbS  is  for  the  most  part  obtained  in  Group  II,  since  the 
greater  part  of  the  lead  is  removed  in  Group  I as  PbCl2.  It  happens 
frequently  that  this  small  quantity  of  lead  is  not  precipitated  by  SH., 
on  account  of  the  solution  being  too  acid  (HCl),  or  too  concentrated, 
in  which  case  a little  lead  is  found  in  Group  III,  and  is  often  mistaken 
for  some  other  metal.  It  is  necessary,  therefore,  to  dilute  a portion 
of  the  filtrate  from  Group  II  considerably  and  to  pass  a current  of 
SH2  through,  in  order  to  make  sui’e  of  the  presence  of  lead,  espe- 
cially so,  when  lead  has  been  discovered  in  (Jroup  I ; and,  if  a pre- 
cipitate be  obtained,  to  pass  the  gas  once  more  through  the  whole 
of  the  filtrate,  after  having  diluted  it  considerably  with  distilled 
water. 

3.  BISMUTH,  Bi'"  and  Atomic  weight,  208. — This  metal 
is  principally  found  native ; also  in  combination  with  oxygen  and 
sulphur,  as  bismuth  ochre,  Bi.Oa,  from  the  decomposition  of  bismuth 
glance,  Bi^S,,  and  in  the  form  of  sulpho-salts,  as  kobelUte,  BiaPhs^s 
(trisulphoplumbic  orthosulpho-bismuthite),  and  as  needle  ore, 
Bi2Pbs"2('Cu'2S2)",disulphoplumbo-cuprous  orthosulpho-bismuthite. 

EXAMINATION  IN  THE  DRY  WAY. 

^ The  metal  bismuth  fuses  with  ease,  both  in  the  reducing  and 
oxidizing  flame  of  the  blowpipe,  covering  the  charcoal  with  an 
incrustation  of  oxide,  orange-yellow,  while  hot,  lemon-yellow,  vdien 
cold,  passing  at  the  edges  into  a iilulsii.wliite.  The  incrustation  can 
be  driven  from  place  to  place  by  either  flame,  without  colouring  the 
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outer  flame.  (Distinction  from  Lead.)  Heated  -witli  borax  or 
ruicrocosmic  salt,  BioO^  gives  beads  which  are  yellowish,  wheu  hot, 
and  colourless,  when  cold.  All  bismuth  compounds  can  be  reduced 
to  the  metallic  state  by  heating  on  charcoal  with  COHaoa,  in  the 
inner  or  reducing  flame.  The  metallic  bead  is  brittle.  (Distinction 
FROM  Lead  and  Silver  Beads.) 

EXAMINATION  IN  THE  WET  WAT. 

Bismuth  dissolves  readily  in  nitric  acid,  forming  NjOeBio'".  A 
SOLUTION  OF  THIS  SALT  IS  CONVENIENTLY  EMPLOYED. 

SH2  (^ri'(»uii-rea;?i‘nt)  gives  a brownish-hlach  precipitate  of 
bl.smiitiiouN  siil|iiii4ie,  BLS3,  in.soluble  in  dilute  acids,  in  alhaliesand 
in  alkaline  sul]ihides ; soluble  in  concentrated  nitric  acid. 

Alkaline  hiiIiiIiIiIcs  give  the  same  precipitate. 

KHo,  NaHo  and  AmHo  produce  a jirecipitate  of  blsmutiiuus 
liy<ii-atc,  BiHoa,  insoluble  in  excess. 

COAniOj  or  CONaOa  thi’ows  down  a white  hulhy  precipitate  of 
basic  earbuiiate  {hismuthylic  carbonate)  = C0(Bi02)'2,  graphic 
formula : — 

0=Bi— 0— C— 0— Bi=0 

II 

O 

in  Avhich  the  compound  radical  bisimitliyl,  BiO,  acts  the  part  of  H 
in  Ho.  The  precipitate  is  insoluble  in  excess. 

Cr.a06Ko2  gives  a yellow  precijiitate  of  basic  cliromatc  = 

fCr02(Bi02)' 

< 0 readily  soluble  in  dilute  nitric  acid,  insoluble  in 

LCr02(Bi0.a)' 

l>otassic  hydrate.  ( Disttnctfon  from  Plumbic  Chromate.) 

SO2H00  gives  no  precipitate.  (Distinction  from  Lead.) 

KI  produces  a Iruton  precij)itate  of  blsiinitliou.s  loilidc,  Bil^,  soluble  in 
cxees.-*. 

KCy  produces  a tvlUte  precipitate,  insoluble  in  excess,  soluble  in  acids. 

Bismuthons  salts  are  partially  decomposed  by  water,  a basic  salt 
being  precipitated.  The  addition  of  an  acid  redissolves  the  preci- 
])itate.  This  constitutes  the  most  characteristic  reaction  for  bis- 
niuthous  salts.  The  salt  most  readily  precipitated  is  the  chloride 
(Bids).  It  can  be  prepared  from  the  nitrate  by  precipitating  the 
oxide  first,  and  then  filtering  and  dissolving  the  precipitate  off  the 
filter  with  dilute  hydrochloric  acid.  Excess  of  acid  should  be 
avoided. 

OH2  gives  with  BiCL  a,  white  jirecipitate  of  bisinutbous  oxyclibi- 
I’iiic,  BiOCl,  which  is  almost  absolutely  insoluble  in  water,  but 
soluble  in  hydrochloric  acid,  from  which  it  is  reprecipitated  on  the 
addition  of  amnionic  or  sodic  chloride.  BiOCl  is  insoluble  in  tar- 
taric acid.  (Distinction  FROM  Antimony.)  _ 

Metallic  zinc  precipitates  bismuth  from  its  salts. 

BisinuUious  siiUa  exhibit  a tendency  to  form  basic  salts,  showing  that  BLOs 
is  a very  indifferent  and  weak  base. 
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There  are  several  other  oxides  known,  e.g.,  bismutliie  oxifle  or  anliyrtridc, 
Bi.Os,  which  parts  readily  with  two  atoms  of  oxygen,  when  heated  or  acted  upon 
by  reducing  agents. 


QUESTIONS  AND  EXERCISES. 

1.  How  can  Bi  be  separated  from  Ag,  Pb,  or  Hg  ? 

2.  Express  in  symbolic  equations  the  reactions  whicli  a bismuthous  salt  gives 

with  different  reagents  in  the  wet  way. 

3.  Give  the  graphic  formulse  for  bismuthous  nitrate,  bismuthous  oxide,  bismuth 

glance,  bismuthous  oxychloride. 

4.  Calculate  the  percentage  composition  of  an  alloy  of  1 atom  of  Pb,  1 atom 

of  Sn,  and  3 atoms  of  Bi. 


4.  COPPER,  Cu".  Atomic  weight,  63  5. — This  metal  is  found 
native ; also  in  combination  with  OXYGEN  and  SULPHUR,  as  red  cojiper 
ore  or  mby  ore,  Cu^O,  as  vitreous  copper  or  cupper  glance,  CtljS,  and 
indigo  copper  or  blue  copper,  CuS ; more  frequently  as  copper  pyrites, 
r peS 

Fe2S3,CU;,S  = < PeS  (diferric  cuprous  tetrasulphide), 

r Fe  , 

and  variegated  cop  per  or  horseflesh  ore,  FejSs-SCu-^S  = < pg(Cu2S2)"3, 

(diferric  tricuprous  hexasulphide)  ; also  as  fahl  ore,  bournonite,  etc. ; 
in  combination  with  carbonic  acid,  as  basic  carbonate,  malachite, 
CO(OCuHo)'2,  and  azurite,  mountain  blue,  or  copper  azure, 

Q^°^^°„Cuo";  with  SULPHURIC  acid,  as  blue  vitriol,  S02Cuo",5OHi ; 

with  PHO.SPHOEic  ACID,  as  phosphor ocalcite,  libethenite ; with  arsenious 
ACID,  as  tennantite ; silicic  acid,  as  dioptase,  and  others. 


examination  in  the  dry  way. 

Copper  minerals  form  a very  numerous  class  of  ores  ; and  as 
many  of  them  exhibit  precisely  similar  blowpipe  reactions,  a know- 
ledge of  their  physical  character  is  indispensable  to  enable  the 
student  to  distinguish  readily  between  them.  It  is  advisable  to 
examine  the  doubtful  ores  in  the  wet  way  also. 

The  most  characteristic  reaction  in  the  dry  way  is  that  which 
copper  compounds  give,  when  heated  in  a bead  of  borax  or  micro- 
cosmic  salt  before  the  blowpipe  dame.  The  bead  is  green  whilst 
hot,  blue  on  cooling.  Most  copper  compounds,  when  heated  on 
platinum  wire  in  the  inner  flame,  impart  an  iatciisc  green  colour  to 
the  outer  flame. . All  copper  compounds  are  reduced  when  heated 
in  the  inner  flame  on  charcoal,  together  Avith  CONao2  and  KCy, 
yielding  red  metallic  scales,  or  globules.  Sulphides  give  off  SO2, 
when  roasted  in  an  open  tube,  and  leave  CuO  behind.  Malachite 
or  azurite  gives  off  water  and  carbonic  anhydride  when  gently  heated 
in  a tube.  Blue  vitriol  loses  water,  sulphurous  anhydride  and 
o^Jnen,  and  leaves  cupric  oxide.  Cupric  phosphate,  arsenate,  and 
silicate  fuse  to  coloured  glasses. 
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Metallic  copper  is  not  affected  in  dry  air  at  the  ordinary  temperature,  but 
is  readily  oxidized  when  heated  in  air  or  oxygen  and  converted  into  black 
(rupric  oxide.  Hydrochloric  acid  in  the  presence  of  air  dissolves  copper 
slightly,  forming  Cu^Clj ; nitrie  acid  is  the  most  active  solvent  for  copper  (as 
it  is  for  Ag,  Ilg,  Pb,  and  Bi),  forming  cupric  nitrate.  Sulphuric  acid  (concen- 
trated) dissolves  copper,  on  heating,  with  evolution  of  SOg,  and  formation  of 
SOoCuo". 

SO2IT0..  acts  here  the  part  of  an  oxidizing  agent.  Tliis  method  of  preparing 
sulphurous  anhydride  gas  is  frequently  employed  in  the  laborutoiy  in  preference 
to  other  methods. 


EXAMINATION  IN  THE  WET  WAT. 


A SOLUTION  OE  CUI’EIC  SULPHATE,  SOjCuO  , Or  CUPRIC  NITRATE, 

NOo  I, 

j^q'Cho'',  may  conveniently  be  employed. 

SHj  (pri’ouii-roapriit)  "ives  a brorvnish-hl ack  pi’ecipitate  of  cupric, 
Niilpliliic,  CuS,  insoluble  in  dilute  acids  : slightly  soluble  in  yellow 
amnionic  sulpliide;  soluble  with  decomposition  in  nitric  acid;  com- 
pletely soluble  in  potassic  cyanide;  insoluble  in  potassic  and  sodic 
.sulphides  or  caustic  alkalies.  CuS  is  rapidly  oxidized  to  SOaCno' 
by  exposure  to  tlie  air ; it  is  insoluble  in  hot  dilute  sulphuric  acid. 

S.Anij  jn’oduces  the  same  precijiitate,  somewhat  soluble  in  excess, 
especially  in  yellow  ammonic  sulphide. 

NaHo  or  Kilo  gives  a Ufjhf-bhte  precipitate  of  cupric  liyrtrsite, 
Cul  loj.  The  precipitate  turns  black  on  boiling  and  becomes  denser. 
Three  molecules  of  CuHoj  lose  two  molecules  of  OHj  and  leave 
:iCuO,  OH2(graphic  formula  H — 0 — Cii — 0 — Cu — 0 — Cu — 0 — H). 
Tn  the  presence  of  many  organic  substances,  such  as  grape  sugar, 
etc.,  the  precipitate  dissolves  to  a deep  blue  solution,  whence  the 
whole  of  the  copjier  is  reprecipitated  on  boiling  in  the  form  of 
brvjbt  red  cuprous  oxiilc,  Cu.^O. 

CONao2  produces  a qreenish-bhie  basic  carbonate,  of  the  com- 

_ p/0— Cu— 0— H 
- ^\0— Cu— 0— H’ 


position  CO(OCu"Ho)^2,  graphic  foimiula  0 


carbonic  anhydride  being  evolved.  This  precipitate  is  converted  on* 
boiling  into  the  black  precipitate  of  3CuO,OH2.  It  is  soluble  in 
ammonic  hydrate  to  an  azure-blue  and  in  potassic  cyanide  to  a 
colourless  fluid  forming  a soluble  double  cyanide. 

AmHo  or  COAmo2,  when  added  in  small  quantities,  produces  a 
qreenish-blae  precipitate  of  a basic  salt,  which  dissolves  readily  in 
excess  of  the  reagents,  and  forms  a magnificent  azure-blue  liquid, — a 
blue  which  is  perceptible,  if  a solution  contains  small  ti-aces  of  copper 
only.  The  blue  solution  contains  a double  compound  of  cupraiiimoiiic 
hydrate,  N''2HoCu"Ho2,  and  aniiuonic  sulphate,  or  aramonio  cupric 

sulphate,  symbolic  formula,  SHo2Amo2  I^^^^CuO^",  whence  the 

black  cupric  oxide  separates  on  boiling  with  sodic  hydrate. 

This  tendency  of  ammonia  to  combine  with  cupric  hydrate  and 
to  form  cuprammonic  hydrate  induces  metallic  copper  to  combine 
with  oxygen  even  at  the  ordinary  temperature. 

KCy  gives  a greenish-yellow  precipitate  of  cupric  cyaiiliic,  CuCy2, 
soluble  in  excess.  SH2  produces  no  precipitate  from  this  solution. 


PRECIPITATION  OF  COPPER  BY  VOLTAIC  ACTION. 
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KjFeCye  gives  a reddish-broivTi.  precipitate  of  cnjirlc  fcrrocyaniile, 
CuoFeCjs.  insoluble  in  dilute  acids,  decomposed  bypotassic  or  sodic 
hydrate,  with  separation  of  3CuO,OH2.  Even  in  very  dilute  soln- 
tions  of  copper  salts  a brownish  colour  is  produced, — best  seen  when 
the  reaction  is  performed  on  a watch  glass,  placed  on  a sheet  of 
white  paper  or  in  a little  porcelain  dish.  Hence  K4FeC'y6  supplies 
one  of  the  most  delicate  reactions  for  copper  salts. 


Metallic  zinc  or  iron  precipitates  metallic  copper,  especially  in  the  presence  of 
a little  free  hydrochloric  acid.  If  a few  drops  of  a slightly  acidulated  dilute  copper 
solution  are  placed  on  platinum  foil  (the  lid  of  a platinum  crucible),  together 
with  a small  piece  of  sheet  zinc,  the  platinum  becomes  rapidly  coaled  with  a 
reddish  film  of  metallic  copper,  visible  even  in  the  case  of  very  dilute  solutions, 
an  equivalent  quantity  of  the  metal  zinc  being  dissolved. 

This  simple  experiment  requires  some  explanation.  Bright  copper  is  not 
attacked  by  dilute  hydrochloric  or  sulphuric  acid.  Metals  such  as  Pb,  Ilg,  Ag, 
Au,  Pt  are  also  indifferent  to  dilute  hydrochloric  or  sulphuric  acid,  whilst  zinc 
and  iron  are  readily  dissolved  with  evolution  of  hydrogen,  the  metals  taking  the 
place  of  the  hydrogen  in  two  molecules  of  hydrochloric  acid. 

By  the  aid  of  voltaic  electricity,  however,  metals  may  be  dissolved  in  dilute 
hydrochloric  or  sulphuric  acid,  which  are  either  not  dissolved  at  all,  such  as 
copper,  or  dissolved  only  with  dilEcultv,  such  as  the  metal  tin.  This  is  done  by 
connecting  the  positive  pole  of  a voltaic  battery  with  a piece  of  tire  metal  to  be 
dissolved,  and  the  negative  pole  with  a platinum  wire,  ending  in.  a.  piece  of  plati- 
num foil.  Both  electrodes  dip  into  the  dilute  hydrochloric  or  sulphuric  acid 
solutions. 


Fig.  6. 


Connect  the  positive  pole,  a,  vdih  Or  piece  of  sheet  copper  or  a coil  of  copper 
wire,  placed  in  dilute  sulphuric  acid,  contained  in  a glass  basin,  as  seen  in  Fig.  6. 
Tlie  negative  pole,  b,  consisting  of  a platinum 
wire  fused  to  a strip,  of  platinum  ibil,  dips 
likewise  into  the  dilute  acid,  without  touching, 
however,  the  copper.  The  solution  turns  blue, 
owing  to  the  formation  of  a blue  cupric-salt, 
and  the  slieet  of  metallic  copper  or  the  copper 
wire  dissolves  after  some  time.  Hydrogen  is 
evolved  at  the  negative  pole. 

This  shows  that  the  action  of  dilute  acids  upon  copper  which  is  nil  at  the 
ordinary  temperature  is  very  energetic  when  under  the  influence  of  voltaic  elec- 
tricity. 

The  reaction  will  be  readily  understood,  if  it  be  remembered  what  takes  place 
when  water  is  decomposed  by  voltaic  electricity.  Hydrogen  is  obtained  at  the 
negative  and  oxygen  at  the  positive  electrode,  because  the  latter  consists  likewise 
of  platinum,  a metal  which  has  no  affinity  for  oxygen.  Hence  both  constituents 
of  water,  hydrogen  and  oxygen,  are  evolved  at  the  respective  poles.  Now,  if 
instead  of  water,  hydrochloric  acid  bo  decomposed  in  like  manner,,  chlorine  is 
evolved  at  the  positive  electrode.  If  the  positive  electrode  consists,  however,  of 
a metal,  such  as  Zn,  Cu,  Fe,  for  which  chlorine  possesses  a strong  affinity,  the 
latter  combmes  with  these  metals,  the  moment  it  is  liberated  on  the  positive 
electrode,  or  as  it  is  termed  in  its  nascent  state  {in  statu,  nascendi),  and  hydrogen 
. alone  is  evolved  at  the  negative  pole. 

hydrochloric  or  sulphuric  acid,  a dilute  solution  of  n 
metallic  chloride  or  sulphate,  e.g.,  cupric  sulphate,  SO.>Cuo",  is  used,,  and  the  two 
e ectrodes  dipped  into  it,  a red  film  or  deposit  of  metallic  copper  is  immediately 
observ-ed  at  the  nogatiye  (platinum)  electrode,  whilst  at  the  positiye  electrode, 
consisting  or  metallic  zinc,  no  cyolution  of  gas  is  yisible,  since  the  zinc  is  acted 
I I • hherated  from  the  copper,  and  is  conyerted  thereby  into 

.1.”°  '•  1 ir"  quantity  (G5  parts  by  weight)  of  zinc  remains  dissolved 

m e acid  for  the  63‘o  parts  by  weight  of  copper,  precipitated  on  the  platinum 
oil  or  crucible  lid.  In  this  manner  the  amount  of  copper  present  in  a solution 
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may  be  determined  quantitatively.  The  undissolved  zinc  and  zincie  salt  are 
removed  and  the  platinum  with  its  deposit  of  copper  dried  and  weighed.  Tlic 
total  weight,  minus  the  previous  weight  of  the  platinum,  gives  the  weight  of  the 
metallic  copper. 

It  will  be  readily  pei’ceived  that  tbis  and  other  similar  experi- 
ments furnish  valuable  illustrations  of  the  theory  of  constant  com- 
bining weights,  and  they  acquire  on  this  account  additional  interest. 

G reat  interest  attaches,  moreover,  to  these  chemical  changes,  on 
account  of  the  important  pi’actical  application  which  they  have 
found,  of  late,  in  covering  metals — mostly  the  common  metals — 
with  a thin  coating  of  noble  metals  (electroplating,  silvering, 
[)latinizing),  or  in  producing  solid  metallic  deposits  on  projDerly 
])ropared  matrices,  generally  consisting  of  some  plastic  material, 
such  as  plaster  of  Paris,  gutta-percha,  &c.  {electrotype  procesn). 

Puss  a voltaic  current  through  a solid  ion  of  cupric  chloride,  CuClo,  by  means 
of  copjicr  electrodes.  No  chlorine  gas  is  evolved  at  the  positive  pole,  for  it  is 
immediately  again  li.xcd  by  its  dissolving  an  equivalent  quantity  of  copper  off  the 
positive  copiier  electrode.  The  movement  of  the  molecules  of  eldoriue  and  copper 
in  the  solution  of  cupric  chloride  cannot  bo  perceived  ; it  is  nevertheless  proved  by 
the  decrease  in  wciglit  of  the  positive  C025per  electrode  and  tlie  increase  m weight 
of  the  negative  copper  electrode,  and  the  inference  from  this  is  that  the  eopjjer  is 
transferred  from  the  jiositive  to  the  negative  iiolo,  although  the  chango  cannot  be 
seen.  The  deposition  of  metallic  copper  continues  as  long  as  the  positive  electrode 
last  s,  and  the  saline  solution  in  the  dceouqjosiug  vessel  retains  its  original  strength 
thus  far  unaltered. 

If  a ]iroj)crly  jircparcd  mould  or  matri.v  of  some  object  be  hung  in  the  metallic 
solution  and  connected  with  the  negative  pole  of  a voltaic  battery,  copper  will  be 
slowly  but  steadily  deposited  on  the  mould,  as  long  as  the  positive  polo  is  con- 
nected with  a sheet  of  copper,  acting  as  the  jiositive  electrode  in  the  bath.  The 
copper  thus  precipitated  is  immediately  I’cstorcd  to  the  bath  by  the  dissolution 
of  a fresh  quantity  of  coppei’.  This  mode  of  dciJositing  copper  on  moulds  or 
matrices  by  the  aid  of  voltaic  elect  ricity  is  termed  the  electrotype  process. 

JCnqdoy  a solution  of  argentic  nitrate  instead  of  the  solution  of  cupric  chloride, 
and  introduce  the  twoerpiier  electrodes  into  the  bath.  The  negative  electrode  is 
siieedily  covered  with  silver,  and  an  equivalent  quantity  of  copfier,  i.e.,  G3’5  parts 
by  weight,  is  dissolved  from  the  positive  copjter  electrode,  and  216  parts  by 
weight  of  silver  (2  x 108,  silver  being  a monad  clement)  are  deposited  on  the 
negative  coi5])cr  electrode  ; and  it  results  from  this,  that  in  the  jtlace  of  the  silver 
solution,  there  must  ultimately  be  left  a solution  of  cujiric  nitrate.  This  has 
found  a practical  application  in  the  silvering  (electroplating)  of  artistic  articles 
made  of  an  inferior  metal. 

Copjter,  like  mercury,  forms  a lower  or  cuprous  oxide,  CUoO,  in 
which  two  atoms  of  Cu  are  joined  by  one  of  their  bonds,  and  are 
also  linked  to  one  atom  of  oxygen  ; it  is  analogous  in  constitution 
to  the  important  copper  ore,  Cu-jS,  thus : — 


Mercurous  oxide.  Cuprous  oxide  Cuprous  sulphide 

{red  copper  ore).  {copper  glance). 

Cuprous  oxide  is  a feeble  base ; it  forms  with  concoutrated 
hydrocliloi-ic  acid  cuprous  chloride,  Cu^Clj,  which  is  colourless 
when  pure.  Other  acids  decomjjose  it  into  metallic  copper  and 
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cupric  oxide,  whicli  latter  remains  dissolved  in  the  acid  as  a cupric 
salt.  Cuprous  chloride  attracts  oxygen  very  rapidly,  and  is,  there- 
fore, a powerful  reducing  agent.  It  is  used  for  absorbing  carbonic 
oxide. 

To  A SOLUTION  OF  CUPROUS  CHLORIDE,  Cu^Cla,  in  Concentrated 
hydrochloric  acid,  add 

OH2,  a white  precipitate  of  CU3CI2  is  produced. 

KHo  gives  a yellow  precipitate  of  cuprous  hydrate,  CU2H02,  in- 
soluble in  excess ; it  attracts  oxygen  very  rapidly,  being  converted 
into  cupric  hydrate. 

Tvl,  in  the  presence  of  SOHoo,  or  S02Feo^',  precipitates  from 
cupric  salts  greenish-white  cuprous  iodide,  Cu.Ia,  soluble  in  excess. 
Both  sulphurous  acid  and  ferrous  sulphate  are  reducino-  ao-ents 
Avhich,  by  the  absorption  of  oxygen  from  the  cupric  salts,” are”  con- 
verted into  SO2H02  and  S30oFe20'^‘,  thus ; — 


(1)  2SO2C110''  + 2S02Feo” 

Cuimic 

sulphate. 

(2)  SOaCu.o"  -f  2KI 


SO2CU2O"  -h  S30sFe20^‘. 
Cuprous 
sulphate. 

CTI2I2  + SO2K02. 
Cuprous 
iodide. 


QUESTIOIfS  AND  EXERCISES. 

1.  How  does  copper  occur  in  nature  ? 

2.  ^press  in  symbolic  equations  the  reactions  of  copper  in  the  wet  way 

3.  Write  out  the  graphic  formulce  for  malachite,  copper  glance,  azurite,  and 

blue  vitriol,  ammonio-cupric  sulphate,  cuprous  iodide. 

4.  Explain  what  takes  place — 

1st.  ■\\dien  copper  is  treated  with  concentrated  NO.Ho. 

” ’ » SO^HoJ. 

„ HCl. 

brive  equations. 

“Tcuprt  sXtSmp'"'  “ precipitate  D5  grm.  of  copper  from 

6.  What  is  understood  by  nascent  hydrogen  ? 

7.  What  is  the  percentage  of  the  metallic  copper  in  malachite  ? 

8.  How  18  Cu  separated  from  Ag,  Pb,  and  Bi? 

I in  change  takes  place  when  metallic  copper  is  heated  in  air .» 

Mrogen  gas  (at  O^and  760mm.  pressure)  is  required  to  deprive 
be  obtainS  and  how  much  water  wiU 


in  ^ Cd  Atomic  weight,  112.— This  metal  is  found 

. with  zinc,  in  certain  zinc  ores,  e.g.,  zinc  blende, 

J Znb.  it  IS  ot  comparatively  rare  occurrence  i only  one  mineral  of 
; cadmium  being  known  at  present,  viz.,  the  extremal/ rare  greenod^te, 
• CdS  It  can  be  distilled  like  mercury  or  zinc.  Being  morj 
volatile  than  metallic  zinc,  its  vapour  distils  over  first,  and  burns 
with^  a brown  flame  {brown  blaze),  i.e.,  it  is  converted  into  cadmio 


F 
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CADMIUM. 


Cadmium  dissolves  readily  in  acids  witli  evolution  of  hydrogen. 
It  also  resembles  the  metal  zinc  in  being  dissolved  by  boiling 
potassic  hydrate,  hydrogen  being  given  off — 

Cd  + 2KHo  = CdKoo  + Hj. 

EXAMIXATION  IN  THE  DRY  WAT. 

Cadmium  compounds,  mixed  with  sodic  carbonate,  when  heated 
on  charcoal  in  the  inner  flame,  give  a characteristic  brown  incrusta- 
tion, i.e.,  they  are  readily  reduced  to  the  metallic  state ; the  metal 
being  highly  volatile,  is  reoxidized  on  its  passage  through  the  outer 
flame.  Cadmium  is  recognized  with  more  difficulty  when  it  is  in 
combination  with  zinc,  as  for  instance  in  cadmiferous  blend, e.  By 
heating,  however,  a mixture  of  blende  and  sodic  carbonate  and 
potassic  cyanide  for  a few  moments  only,  on  charcoal,  a slight 
broivn  incrustation  is  generally  obtainable,  before  the  zinc  is  vola- 
tilized. Cadmic  oxide  turns  the  bead  of  borax  or  microcosmic  salt 
1/ellowish,  Avhilst  hot,  colourless  when  cold. 

REACTIONS  IN  THE  WET  WAT. 

A SOLUTION  OP  CADMIC  CHLORIDE,  CdCla,  OR  SULPHATE,  S02Cdo", 
is  employed. 

SH2  (tfrouii-rcaffciit)  gives  from  dilute  solutions  a fine  yellow 
precipitate  of  cailnilc  siiliihidc,  GdS,  insoluble  in  alkaline  suljihides, 
caustic  alkalies,  or  potassic  cyanide ; insoluble  in  cold,  but  soluble 
in  hot  dilute  nitric  and  hydrochloric  acids  ; soluble  also  in  dilute 
sulphuric  acid.  (Distinction  from  Copper.) 

llencc  the  scpariition  of  cadmium  bj  moans  of  SHo,  especially  from  acid  solu- 
tions, is  frequently  left  either  incomplete,  or  is  not  effected  at  all,  in  Group  II, 
unless  the  precaution  be  taken  of  nearly  neutralizing  the  free  acid  with  ammonia, 
before  passing  Sllj,  as  well  as  neutralizing  the  mineral  acid  as  fast  as  it  is  libe- 
rated by  the  SII2. 

SAmj,  same  precipitate. 

KHo,  a white  precipitate  of  cadiiiic  liyiirsitc,  CdH.02,  insoluble  in 
excess. 

Amllo,  same  precipitate,  soluble  in  excess. 

COAm02  (free  from  AmHo)  a white  precipitate  of  cadmic  car- 
bonate, COCdo",  insoluble  in  excess. 

CONa02,  same  precipitate. 

KCy  gives  a white  precipitate  of  cadmic  cyanide,  CdCy2,  soluble 
in  excess.  Sulphuretted  hydrogen  precipitates  from  this  solution 
CdS.  (Distinction  from  Copper.) 

Metallic  zinc  precipitates  cadmium  from  its  solutions. 

QUESTIONS  AND  EXEKCISES. 

1.  Describe  three  methods  of  separation  of  Cd  from  Cu. 

2.  How  is  Cd  separated.from  Pb,  Ag,  Pi,  and  Zn  ? 

3.  How  much  cadmic  sulj^hide  can  bo  prepared  from  10  grms.  of  crystallized 

cadmic  sulphate,  SOoCdo''^  4OH2.'' 
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4.  Wliat  takes  place  when  greenockite  is  roasted  in  a glass  tube  open  at  both 

ends  ? 

5.  How  is  the  metal  cadmium  converted  1st  into  oxide,  2nd  into  chloride,  3rd 

into  sulphate  ? 

6.  How  can  we  extract  cadmium  from  its  oxide  or  sulphide  ? 


Skparatiom  of  the  metals  of  Sobdivision  a,  Group  IF,*  viz., 

MERCURY,  LEAD,  BISMUTH,  COPPER,  CADMIUM,  WHOSE  SULPHIDES  ARE 
I.VSOLUBLE  IN  AMMONIC  SULPHIDE  OR  SODIC  HYDRATE. 

The  precipitate  produced  by  the  group-reagent  SH2,  whicli  is 
iti-soluble  in  amnionic  sulphide  or  sodic  liydrate,  may  consist  of  all 
the  five  sulphides,  or  only  of  one,  two,  etc.  A precipitate  of  a bright 
yellow  colour,  e.7.,  would  be  indicative  of  cadmic  sulphide  only.  If 
the  jirecipitate  be  black,  it  is  necessary  to  examine  for  all  the  five 
metals. 

It  has  already  been  seen  that  the  sulphides  of  the  metals  of  this 
subdivision  are — 

1st,  Insoluble  in  alkalies  and  alkaline  sulphides,  and 

2nd.  Insoluble  in  dilute  acids,  or  nearly  so  ; but  soluble  in  con- 
centrated acids. 

Concentrated  nitric  acid  (free  from  chlorine),  diluted  with  its 
own  bulk  of  water,  dissolves  four  out  of  the  five  sulphides,  viz.,  PbS, 
Bi.Sa,  CuS,  and  CdS,  with  separation  of  sulphur  ; mercuric  sulphide 
being  soluble  only  in  aqua  regia.  Hence  by  boiling  with  mode- 
rately concentrated  nitric  acid  (in  the  absence  of  HCl)  mercury 
may  be  separated  from  the  other  metals  of  subdivision  A.  Con- 
centrated nitric  acid  converts  PbS  partially  into  SOaPbo",  by  the 
simultaneous  oxidation  of  the  sulphur.  HgS  would  be,  therefore, 
found  in  the  residue,  as  well  as  SOiPbo"  and  S.  But  as  the  whole 
of  the  PbS  can  be  converted  into  SO.Pbo''  only  by  boiling  with 
fuming  nitric  acid,  and  as  S02Pbo^^  is  slightly  soluble  in  concen- 
trated nitx’ic  acid,  the  lead  would  not  be  entirely  removed  as  sul- 
phate. This  difficulty  is  overcome  by  boiling  the  whole  of  the 
sulphides  with  moderately  concentrated  nitric  acid,  then  diluting 
with  water  and  adding  dilute  sulphuric  acid  (SO^Pbo^^  being  less 
soluble  in  dilute  sulphuric  acid  than  in  water),  and,  lastly,  when 
cold,  adding  to  the  solution  its  own  bulk  of  alcohol  (methylated 
spirit).  A residue  is  left  which  may  be  white,  indicative  of  the 
presence  of  SOaPbo'^,  or  black,  from  the  presence  of  HgS  and  sul- 
phur. The  solution  contains  the  metals  Bi,  Cu,  Cd. 

Examination  of  the  Residue. — SOjPbo^’  dissolves  readily  in 
certain  salts,  such  as  ammonic  acetate  or  tartrate.  By  treating  the 
residue,  therefore,  with  a concentrated  solution  of  ammonic  acetate, 
the  SOjPbo  is  dissolved  out.  The  absence  of  mercury  compounds 
may  be  inferred,  if  no  black  but  only  a yellow  residue  of  sulphur, 
is  left,  and  if  no  mercury  has  been  indicated  by  the  reactions  in  the 
dry  way.  The  presence  of  both  lead  and  mercury  should,  however, 

* The  student  may,  with  advantage,  tabulate  tlie  reactions  produced  by  the 
principal  reagents  employed  in  Group  II,  according  to  the  scheme  given  on 
pige  50.  ^00 


70 


SEPARATION  OP  THE  METALS  OF  GROUP  IIa. 


invariably  be  confirmed  by  special  tests  ; viz.,  tbe  lead  by  means  of 
Cr02Ko2,  and  tbe  mercnry,  by  beating  tbe  dry  residue  in  a bulb 
tube  witb  dry  sodic  carbonate. 

Examin.ation  op  the  Solution. — It  bas  been  seen  that  AmHo 
precipitates  BiHoj,  wbicb  is  insoluble  in  excess,  whilst  C11H02  and 
CdHo2  are  likewise  pi’ecipitated,  but  are  soluble  in  excess.  If  a 
white  precipitate  be  obtained  on  adding  AmHo,  tbe  inference  is 
that  bismuth  is  present.  (Should  tbe  lead  not  have  been  removed 
entirely,  some  PbHou  would  be  likewise  precipitated.)  The  pre- 
cipitate is  filtered  off  and  well  washed,  then  redissolved  in  a little 
liydrocbloric  acid,  and  pi'ecipitatecl  by  tbe  addition  of  water,  Tbe 
ammoniacal  filtrate  is  pf  a fine  azure-hhoe  colour,  when  copper — 
even  in  small  quantities — is  present.  If  colourless,  and  if,  by  the 
addition  of  SH2  a fine  yellow  precipitate  comes  down,  the  inference 
is  that  no  copper  is  present,  but  only  cadmium.  If  a black  preci- 
pitate comes  down,  on  passing  tbe  gas  thi’ougb  the  slightly  acidu- 
lated (HCl)  solution,  the  pi’esence  of  copper  and  possibly  of 
cadmium  is  indicated.  These  two  metals  can  be  separated  either 
by  means  of  KCy  (C'dS  being  insoluble  in  potassic  cyanide),  or 
dilute  sulphuric  acid  (CuS  being  insoluble  in  hot  dilute  sulphuric 
acid).  Filter  again ; in  the  one  case  copper  is  left  in  solution,  in 
the  other  cadmium.  It  is  not  difficult  to  identify  these  two  metals 
by  special  tests. 

The  separation  of  the  metals  mercury,  lead^  bismuth,  copper  and 
cadmium,  is  therefore  based  upon: — 

1st.  The  viBolnhility  of  HgS  in  nitric  acid. 

2nd.  The  formation  of  SOjPbo",  and  its  soluhiMy  m amnionic 
acetate. 

■3rd.  The  wsolwhil’ity  o/iBiHos  in  excess  of  ammonic  hydrate. 

4th.  The  insolubility  of  CuS  in  dilute  sulphuric  acid',  or  its  solu- 
bility in  potassic  cyanide. 

A tabular  scheme  for  their  sepai’ation  is  given  in  the  Analytical 
Tables,  Table  II. 


PRACTICAL  EXERCISES  AND  QUESTIONS  ON  GROUP  II,  SUB- 
DIVISION A,  AND  THE  PREVIOUS  GROUPS. 

1.  A sample  of  galena,  to  bo  amalyzed  in  the  dry  way  only. 

2.  A liydrochloride  acid  solution,  containing,  much  mercuric  and  little  plumbic 

chloride.  , , 

3.  A mixtm-e  of  the  solid  salts,  blue  vitriol,  corrosive  sublimate,  and  white 

vitriol,  in  the  dry  and  w’et  way.  • , , 

4.  A mixture  of  the  solid  salts,  plumbic  and  bismutlious  nitrate,  in  the  dry  and 

wet  way.  , , . , , • , , • 1 

5.  A solution  containing  much  baric  chloride  and  little  plumbic  chloride. 

6.  A solution  containing  cupric,  ferrous,  and  zincic  sulphates.  , 

7.  A solution  of  cupric,  cadniic,  and  zincic  suliihates,  containing  -oOO  grin,  ot 

Cu,  -020  grm.  of  Cd,  and  '500  grm.  of  Zn. 

8.  An  alloy  of  zinc  and  copper  (brass).  _ 

9.  A solution  of  mercuric,  plumbic,  and  bismutlious  nitrates,  containing  OoO 

grm.  of  Hg,  -500  grm.  of  Pb,  and  TOO  grm.  of  Bi. 

10.  A sample  of  copper  glance,  in  the  dry  way  only. 
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11.  A sample  of  malachite,  in  the  dry  way. 

12.  A solution  of  plumbic  and  bismuthous  nitrates  (to  be  distinguished  by  means 

of  CrOoNoj  and  NaHo). 

13.  A solution  of  plumbic  and  cupric  nitrates. 

11.  What  takes  place  when  an  ore,  containing  PbS,  CdS,  and  ZnS,  is  roasted  in 
a current  of  air  P 

13.  You  have  given  to  you  a solution  of  cupric  sulphate,  dipqtassic  tartrate,  sodi(! 
hydrate,  and  grape  sugar  : what  changes  can  you  produce  ndth  these 
materials  ? 


GkOOP-  II.  SOBDIVISION  B. 

I.  TIN^  Sn"'  and  atomic  -weight,  118. — This  metal  is  found 
in  nature  mainly  in  the  form  of  tinstone  or  cassiterite,  S11O2,  some- 
times combined  with  sulphur,  as  tin  pyrites,  S11S3  (hell-metal  ore). 


EXAMINATION  IN  THE  DRY  WAT. 

When  tin  minerals  are  fused  on  charcoal,  with  CQHaOi  and 
KCy,  in  a strongly  reducing  flame,  they  yield  small  globules  of  tin 
which  are  malleable,  and  the  charcoal  becomes  covered  with  a wliite 
coating  of  S11O2.  If  this  white  incrustation  be-  treated  with  a solu- 
tion of  cobaltous  nitrate,  and  strongly  heated,  it  assumes-  a hluish- 
green  colour,  which  is  characteristic  of  tin.  Insoluble  stannic  oxide, 
Sn02,  or  the  native  oxide,  may  also  be  fused  with  caustic  potash  in 
a silver  crucible,  and  thus  converted  into  potassic  stannate,  soluble 
in  water ; or  it  may  be  rendered  soluble  by  fusion  on  charcoal  with 
3 parts  of  CONao2  and  3 of  sulphur,  when  sodic  sulphostannate  is 
formed,  which  is  soluble  in  water,  but  is  decomposed  and  jn’ecipi- 
tated  as  SnS2  by  means  of  hydrochloi'ic  acid. 

By  introducing  into  a borax  bead — in  which  suiEcient  cupric  oxide  has  been 
diffused  to  render  the  bead  faintly  blue — traces  of  a tin  comjiound  and.  heating 
in  the  reducing  flame,  the  bead  turns  reddish-brown  or  forms  a ruby-red  glass. 


EXAMINATION  IN  THE  WET  Wm. 

Tinstone  being  insoluble  in  acids,  must  be  fused  with  alkaline 
carbonates  and  a reducing  agent,  such  as  potassic  cyanide,  charcoal,, 
or  black  flux  (ignited  Rochelle  salt),  when  metallic  tin  is  obtained. 
Tin  dissolves  slowly  in  hot  hydrochloric  acid  -with  evolution  of 
hydrogen  and  formation  of  SnCU,  readily  in  aqua  regia  w’ith  for- 
mation of  S11CI4.  Nitric  acid  converts  tin  into  metastamnic  acid, 
SnjOsHoxo,  which  by  evaporation  and  ignition  is  converted  into 
SnO,. 

Tin  is  capable  of  combining  either  with  two-  or  four  atoms  of 
chlorine,  etc.  In  stannous  chloride,  SnCh,  the-  metal  exists  as  a 
dyad,  and  in  stannic  chloride,  SnCU,  as  a tetrad  element.  It  is 
capable  of  forming  tivo  series  of  salts,  of  oxides,  sulphides,  etc.,  viz. : — 


Stannous  compounds. 
Sn"Cl2  Stannous  chloride. 


Sn"0 
S02Sno" 

N0.3 

Sn"S 


oxide. 

sulphate. 

nitrate. 

sulphide. 


Stannic  compounds. 
Sn>''Cl4  Stannic  chloride. 

Snao.,  „ oxide  (anhydride). 
Sn’'’S2  „ sulphide. 
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Stannic  acid,  SnOHoo,  combines  not  only  witb  tbe  strong  alkali 
bases,  OK2,  ONao,  but  even  with  stannous  oxide,  SnO,  to  form 
stannates,  e.g.,  SnOKo2,  dipotassic  stannate,  SnOSno",  stannous 
stanuate.  Finely  divided  tin  acts,  therefore,  like  Zn  and  Cd,  upon 
a strong  boiling  solution  of  caustic  potash  or  soda,  with  evolution 
of  hydrogen  and  formation  of  potassic  or  sodic  stannate. 

A.  SlniiiKUlS  cutllitoiliuls. — A SOLUTION  OF  STANNOUS  CHLORIDE, 
S11CI2,  is  employed. 

SH2  (pmnip-rcaseiit)  gives  a darh  'brown  precipitate  of  staiiiiou.s 
.sulpiiiile,  SnS,  insoluble  in  ammonia;  nearly  insoluble  in  normal 
ammonic  .sulphide,  but  readily  dissolved  in  the  presence  of  sulphur 
or  by  the  yellow  sulphide:  from  this  latter  solution  it  is  reprecipi- 
tated as  yellow  stannic  suljihide,  SnS2,  on  the  addition  of  hydro- 
chloric acid  ; it  is  also  soluble  in  potassic  or  sodic  hydrate,  from 
which  hydrochloric  acid  precipitates  SnS  unchanged.  Soluble  in 
boiling  hydrochloric  acid. 

SAni2  gives  the  same  precipitate.  Soluble  in  excess. 

KHo  or  NaHo  gives  a wldte  bulky  precipitate  of  irtannous 

liyclratc,  2SnO,OIl2,  or  I’eadily  soluble -in  excess  to  SnKo2 

(dipotas.sic  Stannite.) 

AniHo  or  COArao2,  same  precipitate,  insoluble  in  excess. 

By  far  tlie  most  interesting  reactions  are  based,  however,  upon 
the  tendency  of  stannous  salts  to  become  converted  into  stannic 
salts.  'SnUb  combines  with  two  more  atoms  of  chlorine  to  become 
converted  into  SnCb,  whereby  the  chemical  affinities  of  tin  for 
chlorine  become  satisfied ; and  stannous  compounds  may  be  viewed 
as  nnsatisHed  bodies,  which  can  deprive  certain  other  bodies  of 
clilorine,  oxygen,  etc.  Expressed  graphically,  dyad  tin  (or  stannosum, 
as  it  is  sometimes  called)  has  two  bonds  left  unsatisfied  or  latent, 

thus  — Cl — Sn — Cl,  whilst  in  tetrad  tin  (stannicum)  all  the  bonds 

' ? 

are  satisfied,  thus: — Cl — Sn — ^Cl,  or  0=Sn=0. 

Cl 

HgClo  added  to  a solution  of  SnCb,  produces  first  a 7vhite  precipitate  of 
incrciir«>Hs  clilorirte,  Hg-oCb,  and  when  boiled  with  excess  of  SnCb,  yields  a 
greyish  powder  of  metallic  iiierciii'y. 

NOoAgo  gives  with  excess  of  SnCb  u finely  divided  hlael-  precipitate  of 

metallic  silver — 

!N'0 

2SnCl2  + 2N0.2Ago  = Ago-t-  j^q^Suo"  + SnCl.,. 

CuCL  is  reduced  hy  SnClo  to  ciii»rous  ciiluriilc,  CUiClo,  with  formation  of 
SxiOI 

Fe  .Clfi  yields  two  atoms  of  chlorine  to  SnCls,  forming  SnCb,  and  leaving  two 
moleciiles’of  FeCh.  The  yellowish  solution  turns  green,  or  colourless. 

AuCIs  gives  with  SnClo  a jniryle  prccipit-alo  (purple  of  cassitis),  to  which 
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tlie  formula  SnOAuoo"  + SnOSno"  + 4Aq  (sometimes  -viewed  also  as  Auj  + 
3SnOo),  has  been  assigned.  The  change  may  be  expressed  thus  : — 

2AUCI3  + 3SnCl2  + 6OH0  = Au2  + 3Sn02  + 12IIC1. 

This  is  a most  delicate  reaction, 

B.  Stannic  coiniiound!^. — A SOLUTION  OF  STANNIC  CHLOKIDE,  S11CI4, 
is  employed  in  studying  the  reactions  of  Sn*''  in  the  -wet  way. 

SHo  (srouii-reagent)  gives  a yellow  precipitate  of  stannic  snl- 
iiiiiiie,  SnSo,  readily  soluble  in  alkaline  sulphides,  potassic  hydi’ate, 
boiling  concenti’ated  hydrochloric  acid,  and  aqua  regia;  soluble, 
although  somewhat  difficultly,  an  ammonic  hydrate  (Distinction 
FKOM  SnS),  and  nearly  insoluble  in  ammonic  (sesqui-)  carbonate. 

SAm3,  same  precipitate,  soluble  in  excess. 

KHo  or  NaHo  produces  a vihite  precipitate  of  stannic  Uyilrate, 
SnOHo2,  or  stannic  acid,  which  is  completely  soluble  in  excess, 
forming  dipotassic  or  disodic  stannate,  soluble  in  hydrochloric  acid. 

AmHo  precipitates  likewise  the  iiydratc ; excess  redissolves  it 
but  slightly.  Tartaric  acid  jarevents  the  precipitation. 

COAmo2  or  CONa02  precipitates  white  stannic  acid,  SnOHo2, 
soluble  in  caustic  alkalies. 

Stannic  chloride  furnishes  an  interesting  process  of  precipita- 
tion, viz.,  by  means  of  neutral  salts,  such  as  sodic  sulphate,  am- 
monic nitrate  (in  fact,  most  neutral  salts).  Metastannic  acid 
(SnjOsHoio)  is  precipitated  on  heating,  provided  the  solution  of 
stannic  chloride  be  not  too  acid,  thus : — 

SSnCli  -b  20SO2Nao2  + ISOHj  = SnjOaHoio  + 20NaCl 
-b  2QS02HoNao. 

SSnCU  -b  20NO2Amo  -b  I5OH2  = SnaOjHoxo  + 20AmCl 

+ 2ONO2H0. 

Metallic  zinc  precipitates  from  acid  solutions  of  stannous  or 
stannic  chloride  metallic  tin  in  the  form  of  grey  laminae,  or  of  a 
spongy  mass  which  can  be  readily  dissolved  in  hydrochloric  acid, 
especially  by  the  aid  of  a piece  of  platinum  foil.  Metallic  iron  pro- 
duces no  precipitate. 

Metallic  tin  or  copper  reduces  stannic  to  stannous  chloride, 
thus : — 

S11CI4  -b  Sn  = 2SnCl2. 

A solution  of  stannous  chloride  (containing  hydrochloric  acid) 
cannot  be  kept,  when  exposed  to  air,  without  changing  rapidly  to 
stannic  chloride,  as  well  as  insoluble  stannous  oxychloride,  S1I2OCI2, 
on  account  of  the  great  attraction  which  stannous  salts  possess  for 
oxygen,  thus : — 

(1)  2S11CI2  -b  0 = S11..OCI2  -b  CI2. 

(2)  S11CI2  -b  CI2  = SnCU. 

Uence  granulated  metallic  tin  or  pure  tinfoil  is  usually  put 
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into  stannous  solutions  in  order  to  prevent  tlie  formation  of  a bulky 
wbite  precipitate  of  stannous  oxychloride. 


QUESTIONS  AND  EXERCISES. 

1.  How  do  yon  detect  a stannic  salt  in  the  presence  of  a stannous  salt  ? 

2.  Give  the  constitutional  and  graphic  formulas  for  inetastannic  and  stannic 

acids,  stannous  and  stannic  chlorides,  and  stannous  oxychloride. 

3.  Explain  the  action  of  chlorine,  nitric  acid,  and  air  upon  stannous  salts. 

4.  How  would  you  analj'se  an  alloy  consisting  of  Pb,  Cu,  Bi,  Sn  ? 

5.  A tinxlone  yielded  on  analysis  77'5  per  cent,  of  metallic  tin  ; how  nuich  S11O2 

did  it  contain  ? 

6.  How  much  clUcrine  gas  by  weight  and  by  volume  (at  0“  and  760  mm.)  will  be 

absorbed  by  10  grins,  of  SnClj  ? 


2.  ANTIMONY,  Sb'"  and  Y Atomic  weight  122. — This 
metal  is  found  native;  also  in  combination  with  oxygen  as  white 
antimony,  Sb.j03,  bat  more  frequently  as  sulphide,  Sb^Ss  {grey  anti- 
mony), and  in  combination  with  other  metallic  sulphides  (AgoS, 
PbS,  'Cu'.2S),  as  sulphantimonite  and  sulpbautimonate. 

EXAMINATION  IN  THE  DBY  WAY, 

On  heating  metallic  antimony  or  an  antimony  mineral,  e.g.,  grey 
antimony,  with  free  access  of  air,  either  on  charcoal  or  in  a glass 
tube  open  at  both  ends,  dense  white  fumes  of  antimonious  and 
antimonic  oxides  are  given  off,  which  condense  on  the  colder  part 
of  the  charcoal  or  glass  tube,  thus  : — 

Sb^Sa  + 90  = Sb.,0,3  + 3S0.2 

Sublimed.. 

All  compounds  of  antimony  can  be  reduced  to  the  metallic  state 
when  heated  on  charcoal  in  the  reducing  flame,  together  with 
CONao^  and  KCy.  A brittle  globule  of  metallic  antimony  is 
obtained,  giving  off  dense  white  fumes  of  SboOs  (even  after  the 
withdrawal  of  the  metal  ’from  the  flame),  which  thickly  incrust  the 
metallic  globule  with  a network  of  brilliant  acicular  crystals. 

EXAMINATION  IN  THE  WET  WAY. 

Chlorine  attacks  antimony  violently,  forming  with  it  SbCh  or 
SbCls,  according  to  the  proportions  of  chlorine  emjiloyed,  and 
according  to  the  temperature  at  which  the  combination  takes  place. 
Hydrochloric  acid  has  scarcely  any  action  upon  the  metal  ; aqua 
regia  dissolves  it  readily  to  SbCh.  Nitric  acid  converts  it  into  a 
compound  containing  Sb-^Oa  and  SbaOs,  insoluble  in  nitric  acid, 
soluble  in  tartaric  acid.  Orey  antimony,  SboSa,  as  well  as  Sb.,Ss, 
dissolve  in  concentrated  hydrochloric  acid  with  evolution  of  sulphu- 
retted hydrogen,  the  latter  sulphide  with  separation  of  sulphur. 

Antimony  forms  two  series  of  compounds  by  combi.niiig  citlier  with  three  or 
five  atoms  of  chlorine,  etc.,  viz. : — 
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Antimonious  compounds. 

Antimonious  cliloricle. 
Sb"'203,  „ oxide. 

Sb"'2S3,  ,,  sulphide. 

Sb'"OIIo,  Metantimonious  acid. 


Antimonic  compounds. 

Sh'^Cls,  Antimonic  chloride. 

Sb’'.2C)5,  „ oxide. 

Sb''2S5,  ,,  sulphide. 

Sh'^OjIIo,  Metantimonic  acid.* 


Both  these  acids  can  enter  into  combination  with  strong  bases,  such  as  potassa, 
or  soda,  to  form  weak  salts, — metantimonites  and  metautimonates,  viz. : — 


Sb"'OKo,  Potassic  metantimonite. 

Sb''0.>Ko,  1^’otassic  metantimonate. 

Sb^’DaNao,  Sodic  metantimonate. 

Sb'’0a(Sb'"O2)',  antimonylic  metantimonate,  or  -j  diantimonic  te- 

troxide,  is  formed  when  antimonic  oxide  (obtained  by  dissolving  antimony  in 
nitric  acid)  is  ignited.  This  compound  is-  of  some  importance,  as  it  serves  for  the 
quantitative  estimation  of  antimony. 


A.  Aiitiinnnimis  eomiKmnds. — A SOLUTION  OP  ANTIMONIOUS  CHLO- 
KiDE,  Sb.Cla,  is  employed  for  the  reactions  in  the  wet  way. 

, SH2  (grouii-reagciit)  gives  an  orange-red  precipitate  of  hydrated 
aiitiiiiniilnus  sul|>liiilc,  85283,  soluble  in  alkaline  sulphides  and  in 
potassic  or  sodic  hydrate ; reprecipitated  by  hydrochloric  acid ; 
slightly  soluble  in  amnionic  hydrate,  all  but  insoluble  in  hydric 
ammonic  carbonate  and  in  hydric  ammonic  or  hydric  potassic  sul- 
phides. It  dissolves  in  boiling  concentrated  hydrochloric  acid. 

Temperature  and  concentration  of  the  reagents  produce  reciprocal  effects.  In 
a dilute  hydroclilorie  acid  solution  the  SbClg  exchanges  its  chlorine  in  the  cold 
for  sulphur,  with  precipitation  of  SboSs,  whilst  boiUng  concentrated  hydrochloric 
acid  dissolves  Sb-jSs  readily  with  evolution  of  Sllg. 

SAma  produces  the  same  precipitate  as  SHj,  soluble  in  excess. 

KHo  or  NaHo  precipitate  antimonimis  oxide,  SbjOa,  readily 
soluble  in  excess,  with  formaticm  of  potassic  antimonite. 

AmHo,  same  precipitate,  almost  insoluble  in  excess. 

COAmo,,  COK02,  or  CONaoj,  same  precipitate. 

OH2,  decomposes  SbCh,  forming  a roliite  insoluble  basic  salt, 
antiiiioiiinus  nxycliloritic,  SbOCl,  soluble  in  tartaric  acid.  (DIS- 
TINCTION FROM  BISMUTHOUS  OXYCHLORIDE,  BiOCl).  Water,  therefore, 
gives  no  precipitate  with  a solution  of  potassic  antimonylic  tartrate 

rco(Sb""02)" 

(tartar  emetic)  < j ^-nd  alkalis  and  alkaline  carbonates 

[cOKo 

produce  a partial  precipitation  only  after  somo  time. 

Metallic  Zn,  Cu,  Cd,  Fe,  Co,  Sn,  and  Pb  precipitate  the  metal 
in  the  absence  of  free  nitric  acid  as  a black  powder. 

An  exceedingly  delicate  reaction  for  antimony  consists  in  preci- 
pitating the  metal  from  a dilute  hydrochloric  acid  solution  on 
platinum  foil  or  on  the  lid  of  a platinum  crucible,  by  means  of  a 
small  strip  of  metallic  zinc.  H and  SbHa  (antimonietted  hydro- 

* Orthantimonic  acid,  SbOIJos,  and  pyrantimonic  acid,  SboGjITo.!  (said  to  bo 
formed  wlien  antimonic  chloride  is  decomposed  by  water),  arc  little  known. 
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gen)  ai’e  evolved,  and  tlie  platinum  is  stained  brown  or  black  by 
the  deposited  metal.  Mere  traces  of  antimony  can  thus  be  dis- 
covered. The  stain  is  not  affected  by  hot  dilute  bydrochloric  acid, 
but  disappears  on  heating  with  nitric  acid.  (Tin  gives  no  black 
stain  on  platinum).  It  is  precipitated  by  zinc,  and  is  readily  .soluble 
in  hot  dilute  bydrochloric  acid. 


Compounds  containing  triad  antimony  exhibit  a tendency  (less  marked,  how- 
ever, than  in  stannous  compounds)  to  combine  with  more  chlorine,  etc.,  and  to 
pass  into  pentad  or  antimouie  compounds.  Expressed  graphically — 

Cl 

hloridc  bonds  left  unsatisfied  or  latent,  whilst  pentad 

Cl/  \ 

antimony  in  Sb''Cl6  or  Sh’^OClj  (oxy-trichloride),  has  all  its  bonds  satisfied, 
thus 


Antimouie 

chloride. 


Cl. 


Cl 


Cl 

CV  /ci 


Antimonic 

oxy-tri- 

chlorido. 


O 

II 

Cl— Sb— Cl 


Cl 


The  following  arc  some  of  the  reactions  naturally  arising  from  this  condition 
of  antimonious  compounds  : — 

Wlien  a current  of  chlorine  gas  is  passed  over  solid  StoClg,  a molecule  of 
chlorine  is  absorbed,  and  the  chloride  liquefies,  thus  : — 

SbCb  + Clo  = SbClj. 

Solid  Liquid 

antimonious  antimonic 

chloride.  chloride. 


Sodic  mctnntimonite,  SbONao,  is  oxidized,  in  the  presence  of  sodic  hydrate,  by 
free  iodine,  with  formation  of  sodic  motantiiuonate,  SbO^Nao,  and  Nal,  thus  : — 

SbONao  -(-  lo  + 2NalIo  = SbOjNao  + 2NaI  -I-  OHj. 

A hj'drochloi'ic  acid  solution  of  SbCl3  reduces  AuClj  to  metallic  gold 
(frequently  with  separation  of  SbOjlIo),  tlius  ; — 

SSbCla  + 2AuCla  = SSbClj  + Aiij. 

Sodic  inetantlmonitc  is  oxidized  in  an  alkaline  solution  by  argentic  oxide, 
0.\g2,  to  sodic  metantimonatc,  argentous  oxide,  OAg4,  being  formed,  which 
is  insoluble  in  amnionic  hydrate,  OAgj,  being  readily  soluble.  (Distinction 
BIJTWEEN  SboOa  ANU  SbjOj.) 

The  several  reactions  may  be  expressed  as  follows  : — 


(1)  SbClg  + 4NaIIo  = SbONao  + 3NaCl  + 20llo. 

Sodic 

metantimonite. 

(2)  2NOj.4go  + 2NalIo  = OAg.^  + 2NOjNao  + OUj. 

Argentic  oxide 
(insoluble  in  NalTo, 
soluble  in  Ainllo). 


(3)  SbONao  + 20Agi  = SbOjNao  + OAgj. 

Dlack  argentous 
oxide,  insoluble 
in  Amllo. 
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SSONao..  (sortie  liyposulpliitc)  reduces  antimouious  compoTinds  to  metallic 
antimony,  'whicli  combines  with  sulpliur  and  forms  Sb^S,^,  tbus  : 

SSSONaoo  + SIJ2O3  = SboSj  + SSOo'Naos- 


B.  Antlmonlc  coinpounrts. — A solution  op  potassic  metantimonate, 
SbO.^Ko,  may  conveniently  be  employed  for  studying  the  reactions  in  the  wet 
wav. 

This  salt  is  prepared  by  fusing  metantimonic  acid,  SbOjHo,  with  a large 
excess  of  Kilo,  in  a silver  crucible,  and  dissolving  the  mass  in  cold  water.  Fused 
with  caustic  soda,  a sodic  metantiiuonate  is  obtained,  which  is  insoluble  in 
water. 

SbOoKo  is  readily  decomposed  by  concentrated  acids  (hydrochloric  or  nitric), 
metantimonic  acid  being  precipitated. 

SHj  gives  from  a solution  of  SbO.jIIo  in  excess  of  hydrochloric  acid,  an 
orange  precipitate  of  antimonic  sulphide,  SbjSj,  mixed  with  Sb^Sa  and  S ; soluble 
in  alkaline  sulphides,  readily  soluble  in  ammonic  or  potassic  hydrate;  also 
soluble  in  boiling  concentrated  hydrochloric  acid,  with  evolution  of  SITj  and 
deposition  of  S ; only  very  siraringiy  soluble  in  cold  hydric  ammonic  carbonate. 
SAmo,  same  precipitate,  soluble  in  excess. 

SO.jFeo"  does  not  reduce  antimonic  compounds. 

NOoAgo,  added  to-  an  alkaline  solution  of  SbO.jKo,  yields,  for  obvious  reasons, 
only  OAg.i,  readily  soluble  in  ammonic  hydrate. 

Antimonic  compounds,  like  stannic  salts,  can,  under  certain  conditions,  also 
act  as  oxidizing  agents,  e.g. ; — 

On  igniting  antimonic  anhydride,  it  splits  up  into  Sb204  and  oxygon. 

SnClo  precipitates  SbOHo  from  a hydrochloric  acid  solution  of  SbOoHo, 
the  SnClj  being  converted  into  SnCl^. 

On  boiling  a solution  of  SbO-^Ho  in  hydrochloric  acid  with  potassic  iodide, 
iodine  is  liberated,  colouring  the  solution  brown.  (SbClj  is  in  fact  frequently 
employed  for  the  purpose  of  conveying  chlorine  to  other  bodies,  both  mineral  and 
organic.)  Iodine  is  set  free,  because  SbClj,  on  being  heated,  together  with  2KI, 
forms  SbCls  + I2  + 2KC1.  The  liberated  iodine  is  readily  recognized  by  means 
of  starch  paste,  when  the  highly  delicate  and  characteristic  blue  iodide  of  starch 
reaction  is  obtained.  (Distinction  between  antimonious  and  antimonic 

COMPOUNDS.) 

QUESTIONS  AND  EXERCISES. 

1.  How  is  antimonious  chloride  prepared?  What  change  does  it  undergo 

when  water  is  added  to  it  ? 

2.  By  what  cliaracteristic  reaction  can  antimony  compounds  be  recognized  when 

examined  in  the  dry  way  ? 

3.  How  can  you  distinguish  between  antimonious  and  antimonic  compounds  ? 

4.  What  evidence  have  we  to  show  the  triad  and  pentad  nature  of  Sb  ? 

5.  Give  illustrations  of  the  reducing  action  of  antimonious  compounds,  e.g., 

antimonious  cldoride. 

6.  State  how  you  would  separate  Sb  from  Sn,  in  the  wet  way. 

7.  How  can  Sb  be  separated  from  Bi  ? 

8.  Express  by  symbolic  equations  the  reactions  for  antimony  in  the  wet  way. 

9.  1 grm.  of  a sample  of  grey  antimony  yielded  on  analysis  '854  grm.  of  Sb204; 

what  percentage  of  antimony  does  the  ore  contain  P 

10.  How  much  chlorine  by  weight  and  by  volume  (at  0°  C.  and  7G0  mm.)  is  re- 

quired to  convert  10  grms.  of  SbClj  into  SbCls  ? 

11.  How  much  oxygen  gas  by  weight  and  by  volume  (at  0°  C.  and  760  mm.)  can 

be  obtained  by  igniting  5 grms.  of  SboOs  ? 


3.  ARSENIC,  As'"  and  \ Atomic  weight,  76. — This  body 
constitutes  one  of  the  most  widely  diffused  elements  in  nature.  It 
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f "As' 

I "As'^^‘  -^^senic  acts  in.  some 


is  found  native,  but  exists  most  fi’eqnently  in  combination  witb  sul- 
f AsS" 

pbm'  as  realgar,  < ^gg/o  or  diarsenious  disulphide,  and  as  orpiment, 

ASoS^s,  or  arsenious  sulphide  (sulpharsenious  anhydride)  ; in  com- 

r "As' 

bin'ation  with  metals  it  exists  in  arsenical  nickel,  < //^g'Ni,  copper 

f 'As"Ni  . . 

nickel,  < 'As"Ni’  smaltine 

of  these  mineral  bodies  more  like  a metalloid  than  a metal.  Metallic 
arsenides  are  frequently  found  in  combination  with  metallic  sul- 
phides, such  as  the  sulphides  of  Ag,  Fe,  Ni,  Co,  Cu,  etc.,  as  in  the 

f "As' 

common  mineral  mispicJcel,  or  arsenical  pyrites,  < »^g,Fe",Fe'''S2,  in 

r "As’ 

nickel  glance  or  grey  nickel  ore,  < „^g,Ni',Ni'''S2,  and  in  cohalt  glance 
r "As' 

1 Arsenic  occurs  also  in  the  form  of  metallic 

arsenates,  such  as  calcic,  magnesic,  nickelous,  cobaltous,  plumbic 
arsenates ; for  example,  in  the  mineral  pharmacolite,  AS203Cao"2, 
GOli2  (calcic  pyrarsenate),  in  nickel  ochre,  As202Nio"a,9OH2,  in 
cohalt  hloom,  As.,02Coo”3,80H2,  and  in  mimetesite,  3(As.02Pbo"3), 

PbCU. 

Tmees  of  iirsenic  aro  almost  invariably  found  in  commercial  sulphur,  iron, 
copper,  tin,  and  antimony.  On  account  of  the  solubility  of  its  oxides,  arsenic  is 
sometimes  found  in  mineral  springs  and  in  the  oclireous  deposits  from  mineral 
waters. 

EXAMINATION  IN  THE  DEY  WAY. 


Arsenic  can  be  completely  volatilized.  When  heated  in  contact 
with  air,  either  on  charcoal  or  in  an  open  tube,  it  burns  and  forms 
arsenious  anhydride,  As.Os,  giving  off  at  the  same  time  a pecnliar 
and  most  characteristic  garlic  odour.  Arsenical  compounds  give 
the  same  indications  when  heated  by  themselves,  on  charcoal  in  the 
reducing  flame,  and  on  the  addition  of  sodic  cai-bonate  and  potassic 
cyanide,  whether  the  arsenic  be  present  as  arsenite  or  arsenate.  The 
blowpipe  experiments  should  be  performed  with  great  precaution, 
since  arsenical  fumes  are  poisonous.  The  reaction  being  so  very 
delicate,  small  quantities  only  of  the  substance  should  be  operated 
upon. 

When  arsenical  compounds 
are  heated  in  a bulb-tube,  Fig. 
7,  a,  mixed  with  a proper  re- 
ducing agent  (such  as  sodic  car- 
bonate and  charcoal  powder  or 
black-flux) , metallic  arsenic  sub- 
limes and  is  deposited  in  the 
shape  of  a lustrous  steel  grey 
mirror,  h,  in  the  upper  part  of 
the  tube. 


EXAMINATION  IN  THE  WET  WAY. 

Chlorine  attacks  arsenic  violently,  forming  a highly  poisonous 
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liquid,  arsenious  chloride,  AsCls-  Hydrochloric  acid  does  not  act 
upon  arsenic ; nitric  acid  oxidizes  it  to  arsenious  and  arsenic  acids, 
according  to  the  concentration  of  the  acid. 

Ai'senic  forms  two  oxides,  sulpludes,  etc.,  and  too  well  characterized 
series  of  salts,  arsenites  and  arsenates. 

A.  Arsenious  compouiuls. — A SOLUTION  OF  ARSENIOUS  ANHYDRIDE, 
AsjO;i,  in  dilute  hydrochloric  acid,  or  an  aqueous  solution  of  an 
ARSENiTE,  AsKos  (ti'ipotassic  arsenite),  may  be  used. 

SH,  (group-reagent)  produces  in  an  acid  solution  of  AS0O3, 
especiallj'^  on  gently  heating,  a lemon-yellow  precipitate  of  arsenious 
suipiiifie,  As-jSs,  readily  soluble  in  caustic  alkalies,  in  alkaline  car- 
bonates and  sulphides,  forming  alkaline  arsenites  and  sulphar- 
senites ; it  is  reprecipitated  from  any  of  these  solutions  on  the 
addition  of  dilute  hydrochloric  oi'toitric  acid.  It  is  nearly  insoluble 
in  concentrated  hydrochloric  acid,  even  on  boiling;  but  soluble  in 
niti-ic  acid.  On  digesting  freshly  precipitated  arsenious  sulphide 
in  a solution  of  hydric  potassic  sulphite,  SOHoKo,  and  excess  of 
sulphurous  acid,  the  yellow  precipitate  is  dissolved,  and  the  solution 
contains  potassic  metarsdhite  and  potassic  hyposulphite,  after  driving 
olF  the  excess  of  sulphurous  acid  by  evaporation,  thus  : — 

2AS..S3  -t-  I6SOH0K0  = 4AsOKo  -f  6SSOK03  -h  S3  + 7SO2 

+ 8OH3. 

SAm2,  same  precipitate  soluble  in  excess. 

NO. Ago  produces  from  a solution  of  a neutral  ai’senite,  or  from 
a solution  of  As.Os  in  water,  rendered  neutral  by  cautiously  add- 
ing ammonic  hydrate,  a yellow  precipitate  of  triargcntic  arsenite, 
AsAgOa,  readily  soluble  in  ammonic  hydrate,  ammonic  chloride, 
or  nitric  acid.  The  ammoniacal  solution  of  AsAgOs  and  OAgo  is 
decomposed  on  boiling,  with  separation  of  metallic  silver  and  for- 
mation of  triargentic  arsenate,  As0AgO3,  thus  : — 

AsAg03  -h  OAg2  = AsOAg03  + Ag2. 

Soluble  in  Soluble  in  Soluble  in  Black 
AmHo.  AmHo.  AmHo.  precipitate. 

SO2CU0"  produces  a characteristic  yellowish-green  precipitate  of  liyilric 
cupric  arsenite,  AsHoCuo^^  {Scheele' s green),  from  a solution  of  tripolassic 
arBcnitc,  readily  soluble  in  ammonic  hydrate,  ammonic  chloride,  or  nitric  acid. 

S02Mgo"  gives  no  precipitate  in  the  presence  of  free  ammonic  hydrate  and 
ammonic  chloride. 

lieinsch’s  test. — Arsenic  is  precipitated  on  a strip  of  clean  metallic 
copper,  immersed  in  a hydrochloric  acid  solution  of  AS2O3,  in  tlie 
form  of  a grey  film  of  AS2CU6,  from  highly  dilute  solutions,  espe- 
cially on  heating.  The  film  peels  off  in  black  scales  if  the  solution 
contain  sufficient  arsenic.  The  presence  of  the  metal  should  be 
confirmed  in  the  dry  way,  especially  as  antimony  is  also  precipitated 
by  metallic  copper  under  similar  conditions. 
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Arsenious  compounds  exei’t  a powerful  reducing  action,  when 
brought  together  with  bodies  that  are  capable  of  parting  with 
oxygen,  chlorine,  etc.  This  property  is  even  more  marked  in 
arsenious  than  in  antimonious  compounds.  Triad  arsenic  com- 
pounds, containing  two  unsatisfied  bonds,  give  rise  to  numerous 
interesting  reactions,  thus  : — 

AuCb  (auric  clilorirtci  produces  from  an  acid  solution  of  As^Og  a preci- 
pitate of  metallic  gold,  and  the  reaction  is  so  accurate  that  the  amount;  of 
arsenic  can  be  determined  quantitatively  from  the  weight  of  the  precipitated 
gold. 

Two  atoms  of  Au  (2  x 196'7)  = three  atoms  of  As  (3  x 75).. 

dAuCla  + 3AS0O3  + ISOIIo  = GAsOHog  + A114  + 12HC1. 

Chlorine  water,  or  compounds  capable  of  yielding  chlorine,  such  as  a solution 
of  bleaching  powder,  or  of  sodic  hypochlorite,  ClNao  {Ea%i  de  Javelle) , oxiUdzo 
As.jOg  rapidly,  thus  : — ^ 

As.,03  + 2Clo  + 50Ho  = 2ASOH03  + 4HC1. 

Iodine,  dissolved  in  a solution  of  potassic  iodide,  likewise  converts  a solution 
of  As^Og,  dissolved  in  excess  of  liydrie  sodic  carbonate,  into  AsgOj,  with  forma- 
tion of  an  alkaline  iodide,  thus  ; — 

AslIoNaoj  + 2COIIoNao  -t  L = AsOIIoNao|  + 2NaI  + OH2  + 2CO2. 

Chlorine,  iodine,  and  bromine  act  as  oxidizing  agents  by  decomposing  water 
or  a metallic  oxide.  They  form,  with  the  liydrogou,,  HCl,  HI,  HBr,  or  with  a 
metal  the  corresponding  haloid  salt,  and  tlio  oxygen  is  transferred  to  the 
ASoOg. 

The  oxidizing  action  of  OAgg  upon  AsAgOg  in  an  ammoniacal  solution  has 
already  been  noticed. 

An  analogous  change  is  produced  by  cupric  oxide  in  the  presence  of  potassic 
hydrate.  On  adding  to  a stro-ng’y  alkaline  solution  of  tripotassic  arsenite  a few 
drops  of  cupric  sulphate,  and  applying  a gentle  heat,  the  blue  solution  deposits  a 
red  precipitate  of  cuprous  oxide,  CuoO,  and  leaves  tripotassic  arsenate,  AsOKog, 
in  solution.  Distinction  iietween  AsjOg  and  AsoOg.) 

The  deoxidizing  action  which  arsenious  compounds  exert  upon  the  higher 
oxides  of  chromium  (chromates)  and  manganese  (mangariates  and  permanga- 
nates), has  already  been  described,  pages  30  and  44. 


B.  Arsenic  Comiiounils. — Ax  AQUEOUS  SOLUTION  OF  TRIPOTASSIC 
ARSENATE,  AsOKog,  is  employed. 

SH2  gives  scarcely  any  precipitate  from  an  acidulated  solution 
of  AsOKog,  until  tbe  solution  is  heated,  and  a current  of  gas  passed 
through  for  some  time.  It  is  difficult  to  effect  complete  precipitation 
even  then.  The  precipitate  consists  of  arsenious  sulphide  and  sul^ihur. 
It  is  preferable  to  reduce  the  ASgOg  first  to  ASjOg,  by  a more  power- 
ful reducing  agent  than  SH2  for  example,  by  sulphurous  acid,  or 
an  acid  sulphite,  such  as  SOHoKo  or  SOHoAmo — 

AsOKog  + SOH02  — AsKog  -f-  SO2II02, 

whence  sulphuretted  hydrogen  precipitates  the  arsenic  readily  as 
arsenious  sulphide. 

N02Ago  gives  a reddish-hrown  precipitate  of  trlarsentlc  arsenate, 
AsOAgOg,  soluble  in  ammonic  hydrate  and  in  nitric  acid. 
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SO.jCiio"  produces  a fole  greenish-blue  precipitate  of  liyUric  cupric 
arsenate,  AsOHoCuo",  soluble  in  ammonic  hydrate  and  nitric  acid. 

SOoMgo",  in  the  presence  of  ammonic  chloride  and  ammonic 
hydrate,  gives  a white  crystalline  precipitate  of  ammonic  magiicsic 
arsenate,  AsOAmoMgo"  (DISTINCTION  OF  ASoOg  FROM  As.Oa). 

PejClj  gives  a yellomish-iohite  precipitate  of  ferric  arsenate,  As20.2Fe20'’‘. 
^Q^UPbo"  (pluiuliic  acetate)  gives  a lohite  precipitate  of  tripininliic 
arsenate,  As-.OaPbo'V 

M02Aino.2  (ammonic  moiyliclatc)  dissolved  in  nitric  acid,  gives  a,  yellow 
precipitate  of  arscnio-ammuiiic  mulyliilate. 

Metallic  copper  does  not  precipitate  metallic  arsenic  from  dilute 
acid  solutions  of  As,06 ; but  on  adding  concentrated  hjdrocbloric 
acid,  and  heating,  a grey  film  of  As^Cuo,  is  obtained  (distinction 
BETWEEN  ASoOs  AND  ASjOs). 

Arsenic  as  well  as  arsenious  compovnids  are  capable  of  oxidizing 
other  bodies,  and  become  themselves  redaced  either  to  a loiver  oxide 
{sulphide),  or  to  the  metallic  state.. 

Sulphmous  acid  reduces  arsenic  to  arsenious  acid. 

SSONaOo  (soiiic  liyposniphitc)  deprives  arsenious  acid  of  its  oxygen,  and 
converts  it  into  AS2S3,  thus  : — 

2ASII03  + 3SSONao2  = AsiSa  + SSOaNaoj  + SOHj. 

Carbon  rediices  both  Oxides  of  Arsenic  to  Metallic  Arsenic. — A 
fragment  of  arsenious  anhydride  {white  arsenic)  is  placed  in  the 
pointed  end.  a,  of  a hard  glass  tube  drawn  out  before  the  blowpipe, 
as  seen  in  Fig.  8.  A 
splinter  of  well  ignited 
charcoal  is  next  phiced 
in  the  narro-w  part  of 
the  tube  at  b,  somewhat 
above  the  fragment  of 
the  arsenical  compound. 

This  charcoal  is  heated 
over  a gas  flame  or  the 
flame  of  a spirit  lamp. 

When  the  charcoal  is 
well  ignited  a second 
flame  is  applied  to  the 
lower  end  of  the  tube 
in  order  to  volatilize  the  arsenical  compound,  the  vapour  of  which, 
on  passing  over  the  glowing  charcoal,  is  deprived  of  its  oxygen, 
and  metallic  arsenic  is  deposited  in  the  form  of  a .shining  black 
mirror  on  the  inside  of  the  tube,  above  the  charcoal  at  c.  The 
reaction  takes  place  according  to  the  equation  : — 

2AS.2O3  -|-  3C  = AS4  + 3CO2. 

This  test  is  very  delicate.  Arsenic,  in  the  form  of  an  arseniie 
or  arsenate,  i.s  liberated  by  mixing  perfectly  dry  charcoal  powder,  or 
black-flux,  with  the  dry  substance,  previous  to  its  introduction  into 
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the  drawn  out  portion  of  the  tube,  which  for  this  purpose  has  a 
small  bulb  blown  at  its  lower  end.  The  sublimation  of  metallic 
arsenic  is  accompanied  by  the  characteristic  garlic  odour. 

KCy  reduces  arsenical  compounds — oxides  as  well  as  sulphides 

— with  formation  of  po- 
tassic  cyanate  or  sulpho- 
cyanate.  A mixture  of 
potassic  cyanide  with  the 
arsenical  compound  is 
heated  in  a bulb  tube,  a 
I'lo.  9.  9)-  Metallic  arse- 

nic is  deposited  at  h. 

The  changes  are  expressed  as  follows; — 


2As,03  + 6KCy  = 6CyKo  + Asj. 

Potassic 

cyaniito. 

2As,Ss  + GKCy  = 6CyKs  -I-  As4. 

Potassic 

sulpliocyanate. 

But  since  potassic  cyanide  contains  potassic  cyanate,  as  well  as  potassic  car- 
bonate (its  composition  may  be  expressed  by  the  formula  5KCy  + CyKo  -i- 
a-COKoj),  a portion  only  of  the  arsenic  in  AsjSs  is  obtained  in  the  metallic 
form,  and  a sulpbarsonate  is  formed  which  is  not  reduced  by  potassic  cyanide. 
On  ini.xing  the  nrsenious  sulphide  with  sulphur,  the  whole  of  the  arsenic  remains 
behind  in  the  fused  mass,  as  sulpharsenate,  and  no  metallic  deposit  is  obtained. 
(In  tlic  ])resence  of  sulphides  of  Pb,  Cu,  Ag,  Au,  Ni,  Co,  Fe — as,  e.fi.,  of  FeSo, 
in  arsenical  pyrilesf,  NiSo,  in  nickellplance — which  are  reduced  to  the  metallic 
state  by  the  action  of  ])otas8ic  cyaTiide,  scarcely  any  arsenical  mirror  is  obtained, 
because  the  liberated  metallic  arsenic — a port  ion  only  of  the  arsenic  being  liberated 
— would  immediately  alloy  itself  with  the  metals.)  These  changes  are  expressed 
by  the  equations  : — 

(1)  SAs.S-,  = SAs.Sii  -I-  As.,. 

(2)  dAsoSj  -I-  I2COX02  = 5AsSKs3  -H  3AsOKoa  + I2CO2. 

The  reduction  is  generally  effected  by  mixing  dry  arsenious  sulphide  with  one 
l>artof  potassic  cyanide  and  three  parts  of  sodic  carbonate,  and  introducing  the 
mixture  into  a piece  of  combustion  tube,  G,  drawn  out  to  a point,  as  seen  on  a 
larger  scale  in  Fig.  10.  A slow  cun’ent  of  carbonic  anhydilde  generated  from 


Fig.  10. 

marble  and  hydrochloric  acid  in  the  flask  A,  Fig.  11,  and  dried  by  passing 
throuo’h  h into  the  flask  B,  containing  concentrated  sulphuric  acid,  and  out 
through  the  delivery  tube  c,  is  passed  over  the  mixture  in  tube  C,  heated  at 
first  gently,  till  all  the  moisture  has  been  driven  out,  and  then  strongly  to  fusion, 

4vhen  a mirror  of  metallic  arsenic  collects  in  the  nock  of  the  drawn-out  tube. 

The  reaction  has  this  advantage,  that  no  antimony  mirror  is  obtained  in  the 

same  way.  . . . , , , • ■ 

In  order,  however,  to  avoid  missing  the  arsenic,  either  altogether  or  obtaining 
only  a'p.irtion  of  it,  as  stated  above,  it  is  preferable  to  treat  the  arsenious  sul- 
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phido  witli  a few  drops  of  concentrated  nitric  acid,  and  to  evaporate  with  a little 
sulphuric  acid  (in  order  to  decompose  any  metallic  nitrates,  if  present).  The 


Fio.  11. 


sulphuric  acid  is  next  neutra’ized  with  sodic  carbonate,  and  the  mass  thoroughly 
dried  before  mixing  it  wdth  potassic  cyanide  and  reducing  it  as  described.  The 
fused  mass  retains  the  antimony,  and  a good  arsenical  mirror  is  obtained,  pro- 
vided no  lead,  copper,  or  other  reducible  metals  were  present. 

Arsenious  and  arsenic  acids  are  both  reduced  by  nascent  hydro- 
gen, which  combines  with  the  oxygen  of  the  arsenical  oxides  to 
form  water,  whilst  the  arsenic  in  its  nascent  state,  or  the  very 
moment  it  is  liberated  from  the  oxygen,  combines  likewise  with 
hydrogen  to  form  a gaseous  compound  of  arsenic,  called  arsenietted 
hydrogen  (arsenious  hydride) — As'^Ua.  This  gas  is  obtained  pure 
by  acting  with  dilute  sulphuric  acid  upon  an  alloy  of  zinc  and 
arsenic.  The  zinc  takes  the  place  of  the  hydrogen  in  the  acid,  and 
arsenietted  hydrogen  is  liberated,  thus  : — 

As,Zu3  + 3SO3H02  = SSOaZno"  + 2AsHa. 

Arsenietted  hydi-ogen  is  an  exceedingly  poisonous  gas,  and  the 
student  should  on  no  account  attempt  to  prepare  it  pure.  Its 
properties  may  be  studied  equally  well  in  a mixture  of  the  gas  with 
much  hydrogen. 

The  experiment  should  be  conducted  in  a closet,  connected  with 
a chimney  or  flue,  where  a good  indraught  of  air  can  be  obtained. 
Arsenietted  hydrogen  possesses  a very  nauseous  odour,  and  burns 
with  a peculiarly  livid  bluish  dame,  when  the  jet  of  hydrogen  and 
arsenietted  hydrogen  gas  is  lighted,  owing  to  the  combustion  of 
I arsenic  to  arsenious  anhydride  which  rises  in  white  fumes. 

Generate  hydrogen  in  a flask,  a,  Fig.  12,  fi-om  pure  zinc  (free  from  arsenic) 

! and  pure  dilute  sulphuric  acid.  Dry  the  gas  by  passing  it  over  calcic  chloride 
I and  connect  the  drying  tube,  i,  with  a piece  of  hard  glass  tubing,  0,  drawn  out 
to  a jet.  The  hydrogen  gas  may  be  ignited  at  the  jot,  as  soon  as  it  has  displaced 

a 2 
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the  air  in  the  generating  Jl, ash  a,  and  drying  tube,  b.  It  burns  with  an  almost 
colourless  flame  if  the  zinc  and  acid  arc  pure.  On  introducing  a few  drops  of  an 


Fia.  12. 


arsenious  or  arsenic  acid  solution*  throiuih  the  fimnol-tubc,  the  flame  is  seen  to 
(•liiinge  to  blue,  and  on  holdinE;  a piece  of  porcelain  {e.g.,  a dish,  or  the  lid  of  a 
porcelain  crucible)  into  the  flame,  a black  mirror  or  deposit  of  metallic  arsenic  is 
obtained.  Or  the  metal  may  be  collected — by  heating  the  glass  tube  through 
which  the  arsenietted  hydrogen  passes— in  the  tbrm  of  a metallic  ring,  d,  which 
deposits  wiiliin  Iho  tube  immediately  behind  the  spot  where  the  glass  is  heated, 
fl'he  hydrogen  should  not  bo  generated  too  rapidly,  if  a good  ring  is  to  be  obtained. 
The  mirror  may  be  driven  on  to  e by  gradually  moving  tlie  flame  from  c 
towards  d. 

Several  arsenical  mirrors  may  be  obtained  if  a long  piece  of  narrow  combus- 
tion tube.  Fig.  13,  be  employed,  which  has  been  contracted  in  several  places  by 
drawing  it  out  in  the  flame  of  a blowpipe.  Arsenietted  hydrogen  is  generated 
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* Any  considerable  excess  of  oxidizing  agents,  such  as  nitric,  chloride,  c(e., 
acids,  should  be  avoided.  The  same  holds  good  for  the  preparation  of  Sbllj. 
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ia  the  flask,  a,  and  passing  through  b,  the  drying  tube,  c,  and  combustion  tube,  d, 
issues  from  the  drawn-out  jet,  wliere  it  can  be  burnt.  Tlie  tube,  d,  is  heated  in 
one  or  in  several  places,  just  before  the  several  drawm-out  narrow  parts.  An 
arsenical  mirror  is  obtained  a bttle  behind  the  heated  part  of  the  tube,  as  seen 
in  Eig.  14.  Little  or  no  arseuietted  hydrogen  need  thus  escape  from  the  jet, 
cspeeially  if  a slow  current  of  hydrogen  be  generated. 

The  depo.sition  of  arsenic  in  the  tube  or  on  the  cold  porcelain 
arises  from  the  decomposition  of  the  arsenietted  hydrogen,  wliich, 
at  a high  temperature,  is  broken  up  into  arsenic,  which  is  deposited, 
and  hydrogen,  which  passes  on  and  burns  at  the  jet.  The  decom- 
position which  takes  place  when  a cold  piece  of  porcelain  is  lowered 
into  the  flame,  is  readily  explained,  if  it  be  remembered  what  takes 
place  when  some  cold  porcelain  is  held  in  a candle  or  gas  flame.  A 
deposit  of  soot  is  obtained  (finely-divided  carbon  from  the  hydrocar- 
bons), because  the  combustion  is  disturbed,  and  the  temperature  of 
the  flame  suddenly  lowered.  The  flame  can  only  burn  where  it  is  in 
contact  with  air,  i.e.,  on  the  outside.  The  arsenietted  hydrogen  on 
passing  through  the  inner  portion  of  the  flame,  is  decomposed  by 
the  heat  into  arsenic  vapour  and  hydrogen  gas  ; the  latter  escapes 
through  the  outer  portion  of  the  flame,  and  is  burnt,  ai'seuic  being 
deposited  on  the  cold  porcelain  surface.  The  decomposition  of 
arsenietted  hydrogen  takes  place,  even  if  very  little  of  the  gas  be 
niixed  with  much  hydrogen  gas,  and  this  test — known  as  Marsh’s 
test — is  therefore  extremely  delicate. 

It  is  of  paramount  importance  that  both  zinc  and  sulphuric  acid  should  bo 
tested  first.  This  is  done  by  generating  hydrogen,  and  allowing  the  gas  to  escape 
by  itself  for  some  time,  through  the  combustion  tube  ignited  in  several  places. 

Care  should  also  be  taken  to  avoid  introducing  nitric  acid,  since  aa’senietted 
liydrogen  is  readily  decomposed  by  this  acid.  It  is  therefore  preferable  to  dis- 
solve arsenical  compounds  in  hydrochloric  acid,  with  the  addition  of  a few  small 
crystals  of  potassic  chlorate,  aud  to  heat  geutly  tiU  no  more  chlorous  odour  is 
observable. 

The  metal  antimony  forms  with  nascent  hydrogen  a combustible 
gas  analogous  to  arsenietted  liydrogen,  called  autimonietted  hydrogen 
(antimonious  hydride),  SbHs.  It  is  prepared  by  acting  with  dilute 
sulphuric  or  hydrochloric  acid  upon  an  alloy  of  three  atoms  of  zinc 
and  two  atoms  of  antimony,  thus  : — 

Sb,Zna  -f  3SO..H02  = 3SOoZno"  -|-  2SbH3. 

Mixed  with  hydrogen  gas  it  is  obtained  by  introducing  into  a 
hydrogen  apparatus  a few  drops  of  an  antimony  solution  (SbClj, 
Sb02Ko,  or  tartar  emetic).  The  greater  part  of  tlie  antimony, 
however,  remains  behind,  precipitated  as  metal  on  the  zinc.  The 
hydrogen  flame  turns  at  once  blui.sh-green,  and  white  fumes  of 
antimonious  o,xide,  Sb.^Oj,  ascend  into  the  air.  The  gas  has  no 
odour,  and  is  not  poisonous,*  On  depressing  a cold  piece  of  por- 
celain into  the  flame,  metallic  antimony  is  deposited,  and  on 
heating  the  combustion  tube,  as  in  the  case  of  the  arsenic  experi- 
ment, the  gas  is  likewise  decomposed  into  metallic  antimony,  which 

* 'I  he  evidence  on  this  point  appears  to  be  doubtful. 


86 


SEPARATION  OF  ARSENIC  FROM  ANTIMONY, 


collects  in  tlie  nai’rowed  portions  of  the  tnlDe  and  forms  a dull 
hlacJc  mirror,  and  hydrogen,  which  escapes  and  can  be  burnt  at 
the  jet. 

Since  both  arsenic  and  antimony  produce  a metallic  mirror,  such 
miiTor  may  be  due  to  either  metal  or  to  a mixture  of  the  two  metals 
(in  which  case,  however,  the  more  volatile  arsenic  is  deposited 
iurther  away  from  the  flame,  and  a part  of  the  antimony  is  found 
anterior  to  the  spot  where  the  glass  tube  is  heated),  and  it  is  obvious 
that  further  experiments  must  be  made  in  order  to  distinguish  the 
arsenic  from  the  antimony  in -the  mirror  itself. 

This  can  be  done  very  reiulily — 

1st.  J5y  adding  to  tlio  mirror  obtained  on  ''old  porcelain  a concentrated  solu- 
tion of  bleaching  jiowder,  or  of  sodic  hyjwehlorite  (i’aK  de  Javelle)  ; or  by  simply 
exposing  the  mirror  to  chlorine  gas,  evolved  by  treating  a little  bleaching  powder 
with  dilute  hydrechloric  acid  : the  arsenical  mirror  is  sjoecdily  dissolved ; antimony 
only  after  some  lengthened  exposure,  thus  : — 

As2  -f  5ClNao  = AsoOj  + 6NaCl. 

2nd.  Ry  passing  a very  slow  current  of  dry  sidphurettcd  hydrogen  through 
the  glass  tube  containing  the  arsenic  and  antimony  mirror,  and  applying  a gentle 
heat.  The  metals  are  converted  into  stdphides — arsenic  into  lemon-yellow  arse- 
nions  sulphide,  and  antimony  into  a black  or  partly  orange-red  antimonious 
sulphide  ; and,  if  both  metals  are  present,  the  two  sulphides  appear  side  by  side  ; 
the  former  somewhat  in  front  of  the  latter,  arsenious  sulphide  being  the  more 
volatile  of  the  two  sulidiidcs.  On  passing  next  a current  of  dry  hydrochloric 
acid  gas  witho^it  the  application  of  heat,  antimonious  sulphide  disappears  entirely, 
being  converted  into  antimonious  chloride,  which  volatilizes  in  the  current  of 
hydrochloric  acid  gas,  and  may  bo  passed  into  water  and  tested  by  means  of 
sulphuretted  hydrogen.  Arsenious  sulphide  remains  unallected,  even  if  the 
hydrochloric  acad  gas  be  passed  over  it  for  some  time.  The  residuary  arsenious 
sulphide  dissolves  readili/  in  hydric  ammonic  carbonate,  COJloAmo. 

Antimoiiietted  and  lirsenictted  hydrogen  can  moreover  be  distinguished  from 
each  other  by  passing  a slow  current  of  the  mixed  gases  into  a solution  of 
argentic  nitrate  ; argentic  oxide,  acting  the  part  of  an  oxidizing  agent,  converts 
arsenietted  hj'drogen  into  arsenious  aeid,  thus  : — 

Aslf;,  + tilTOoAgo  + 3OIT0  = Age  + AsTToa  -r  6NO2IT0. 

Antinionietted  hydrogen  is  not  acted  upon  in  like  manner.  The  oxidation 
extends  only  to  the  liydrogcn  and  not  to  the  antimony,  the  metallic  silver  taking 
the  place  of  the  hydrogen,  thus : — 

Sblls  + 3N02Ago  = SbAg3  + SNOoIIo. 

The  arsenious  acid  is  separated  by  filtration  from  the  insoluble  SbAgs,  and 
Ag.  On  cautiously  adding  to  the  fdtrate  a dilute  solution  of  ammonic  hydrate, 
a yelloio  precipitate  of  triai'scntlc  sirscuitc  is  obtained,  whore  the  two  layers 
of  the  ammonio  hydrate  and  acid  solution  meet. 

The  residue  is  boiled  with  a solution  of  tartaric  acid,  when  the  antimonious 
argentide  is  acted  upon  with  formation  of  soluble  antimonious  tartrate  (?),  silver 
being  left  behind.  Filter;  acidnlate  the  filtrate  with  dilute  hydrochloric  acid, 
and  ^ss  sulphuretted  hydrogen.  An  orange  preci]ntate  indicates  antimony. 
Another  method  of  detecting  the  anlimony  consists  in  digesting  the  Sb.’^j  with 
vellow  ammonic  sulphide,  when  the  !Sb  is  dissolved  out  as  sulphantimonite,  and 
can  be  separated  from  the  fdtered  solution  by  HCl  os  SboS.-j. 

QUESTIONS  AND  EXERCISES. 

].  Which  are  the  most  important  natural  com))ounds  of  arsenic? 


GOLD. 
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2.  Translate  into  gi-aphic  formulae  the  symbolic  foi-mulce  of  realgar,  orpiment, 

copper  nickel,  smaltine,  nickel  ochre. 

3.  What  changes  does  metallic  arsenic  undergo  when,  heated,  1st,  by  itself,  in  a 

current  of  a neutral  gas  (CO2  or  H)  ; 2ndly,  in  contact  with  air;  3rdly,  in 
contact  with  chlorine  ? 

4.  Wliat  action  has  sulphuretted  hydrogen  upon  an  acid  solution  of  arsenious 

and  upon  a solution  of  arsenic  ixcid  ? 

5.  Express  by  an  equation  the  reaction  whieh  takes  place  "when  arsenious 

sulphide  is  dissolred ; 1st,  in  Nallo ; 2ndly,  in  SAn)2 ; 3rdly,  in 
COHoAmo. 

6.  What  precipitates  are  produced  when  argentic  nitrate  is  added  to  a neutral 

solution  of  an  arsenite  or  arsenate  ? 

7.  What  is  the  action  of  magnesic  sulphate  in  an  ammoniacal  solution  (so-called 

magnesia  mixture)  upon  arsenious  and  arsenic  solutions  ? 

8.  Give  a few  instances  of  the  reducing  action  of  arsenious  compounds.  Ex- 

press the  changes  by  equations. 

9.  Explain  the  oxidizing  action  of  chlorine,  bromine,  and  iodine  upon  arsenious 

compounds. 

10.  What  takes  ])lace  when  metallic  copper  is  introduced  into  a dilute  hydro- 

chloric acid  solution  : 1st,  of  AS.2O3  ; 2ndly,  of  As^Oj  (Reinsch’s  test)  ? 

11.  Explain  why  a jJortion  of  the  arsenic  only  is  liberated,  when  an  arsenical 

suljihido  is  heated  with  potassic  cyanide.  Give  equations. 

12.  Explain  the  reduction  of  arsenical  compounds  by  nascent  hydrogen  (Marsh’s 

test),  and  show  by  equations  the  formation  of  arsenietted  hydrogen. 

13.  Wliat  change  does  arsenietted  hydrogen  imdergo:  1st,  when  biu'nt  in  the  air; 

2ndly,  when  passed  tlu-ough  a tube  heated  in  one  or  more  places  ; 3rdly, 
when  passed  into  a solution  of  argentic  nitrate  ; 4thly,  when  jjassed 
through  concentrated  nitric  acid  ? 

14.  Explain  the  formation  of  antimonietted  hydrogen,  and  state — 1st,  what  pro- 

perties arsenietted  hydrogen  has  in  common  with  antimonietted  hydro- 
gen ; and,  2ndly,  how  it  dilfers  from  the  latter  in  its  chemical  deportment 
with  argentic  nitrate. 

15.  How  would  you  distinguish  between  an  arsenic  and  antimony  mirror  ? 


4.  GOLD,  Au' and Atomic  weight,  196" 7. — Gold  is  gene- 
rally found  native,  and  is  then  readily  recognized  by  its  colour, 
malleability,  and  physical  character  generally.  Gold  occurs  in  any- 
thing like  considerable  quantities  in  combination  only  with  the  rare 
element  tellurium.  In  small  quantities  it  occasionally  accompanies 
metallic  suljjhides. 

EXAMINATION  IN  THE  DRY  WAY. 

When  heated  on  charcoal  with  sodic  carbonate  and  borax  in  the 
reducing  tlame,  gold  compounds  yield  a yellow,  very  malleable 
globule  of  metallic  gold. 

To  detect  gold  in  argentiferous  minerals  in  which  it  is  present  only  in  minute 
quantities,  and  associated  with  largo  quantities  of  other  non-volatile  metals,  tho 
powdered  mineral  is  fused  with  borax  and  metallic  lead,  and  the  metallic  button 
cupelled,  as  will  bo  described  under  silver.  The  globidc  of  white  metal  which  is 
left  on  the  cupel  is  beaten  out,  and  thd  silver  dissolved  by  digesting  with  a little 
nitric  acid  in  a small  porcelain  dish.  Tho  argentic  nitrate  is  poured  off,  and 
the  gold  washed  with  distilled  water.  The  black  insoluble  residue  is  once  more 
fused  on  charcoal  before  the  blowpipe,  when  it  assumes  tho  well-known  appear- 
ance of  line  gold. 

Old  silver  coins  frequently  contain  a small  quantity  of  gold,  which,  on  dis- 
solving in  nitric  acid,  is  left  as  a black  powder. 
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\VEen  an  insufficient  quantity  of  silver  is  present  in  tlie  button  (wliicb  mav 
be  inferred  from  its  pale-yellow  colour),  from  two  to  four  times  its  own  weight 
of  silver  should  be  fused  up  with  it,  and  the  button  so  obtained  beaten  out  and 
then  treated  with  nitric  acid  in  order  to  separate  or  “part"  the  gold. — Method 
of  assaying  gold. 

EXAMINATION  IN  THE  WET  WAY. 


Gold  wlien  unalloyed  is  soluble  in  aqua  regia  only,  forming  a 
f50L0Ti0N  OF  AURIC  CHLORIDE,  AuClo,  wbicli  may  be  employed  for 
studying  the  reactions  in  the  wet  way. 

SH,  (siamii-rcascnt)  gives  from  a cold  solution  a hlach  preci- 
pitate of  auric  Nuliiliiiic,  AU0S3,  from  a boiling  solution  a brownish 

• ■ f "Au' 

precipitate  of  auruus  .suipiiiitc,  AiljS  = < The.se  precipi- 


tates are  insoluble  in  hydrochloric  and  nitric  acids,  but  dissolve  in 
aqua  regia.  They  are  likewise  insoluble  in  normal  ainmonic  sul- 
phide, but  soluble,  although  with  difficulty,  in  yellow  sulphide,  more 
readily  in  yellow  sodic  sulphide,  with  which  they  form  a sulpho-salt, 
AuNas.v 

SAm..  and  SSONaoj,  same  precipitate. 

Kilo  or  Nallo  jiroduces  110  precii)ilate. 

Amllo  produces  from  a concentrated  solution  of  auric  chloi’ide  n reddish- 
yoHow  precipitate  of  amitioiiic  aiiralc  or  ruliiiinailnf?  ffoUl,  (NH3),An203,  = 
N'’Il2lIoAu^  ,, 

Nvn.!ll„Au®’  =- 


2AUCI3  + SAmllo  = (NH3)2Au203  + I3AmCl  + bOlIj. 


The  detection  of  gold  is  attended  with  no  difficulty,  owing  to  the  facility 
with  wliich  auric  chloride  is  reduced  to  the  metallic  state.  Gold  has  little 
affinity  for  non-metallie  elements  ; the  eompounds  whieh  it  forms  with  them 
are  readily  broken  up  by 'heat  alone,  or  on  being  brought  in  eontaet  with  bodies 
whieh  have  more  affinity  for  the  metalloids,  leaving  metallie  gold  in  a finely- 
divided  condition,  as  a brown  powder,  wliich  acquires  metallie  lustre  when  dried 
and  rubbed  in  a mortar.  Hence  auric  chloride  is  a powerful  oxiddsing  agent, 
as  has  already  been  seen  under  tin,  antimony,  and  arsenic.  The  same  oxidizing 
act  ion  is  called  into  play,  wlicn  AuCIb  comes  together  with  solutions  of  sulphu- 
rous and  oxalic  acids,  ferrous  sulphate,  or  chloride,  cuprous  chloride,  dissolved 
in  hydrochloric  acid,  mercurous  nitrate,  potussic  nitrite,  sugar  in  an  alkaline 
liquid,  and  many  other  'organic  substances  {e.g.,  the  epidermis)  ; arscnieitcd, 
antimonietted,  and  phosphoretted  hydrogen  decompose  AUCI3  likewise. 

The  following  equations  exjircss  these  changes : — 


(1)  2AUCI3, 

(2)  AU0S3, 

(3)  2AUCI3 

(4.)  2AUCI3 

(5)  2AUCI3 

(6)  2AUCI3 

(7)  2AUCI3 

(8)  2AUCI3 


when  ignited  splits  up  into  AU3 

)>  Au2 


3SOrXo2  I" 
„ r coHo 
ICO  Ho 
6FeClo 

6SO2FC0" 
3CU0CI3 

+ 3jjo;IIg20 


3OII2  = Au2 

= Au2 

= Au2 
= Au2 
= Au2 

= Auo 


+ SCL. 

+ 83. 

-t  3S02lIo£ 

+ 6CO2 


+ 3Fe2Cl,i. 
+ FooClg 

+ ecuOio. 


(9)  2AUCI3  + 3NOKo  + fiOITo  = Alls  -t-  3NOoKo 

(10)  2AUCI3  + 2ASIT3  + 3OII2  = Au2  -I-  2ASII03 

(11)  2AUCI3  + Sblla  = Au2  -t-  SbCla 


-t-  GHCl. 

+ 6IIC1. 

+ 2S30.,Fe2'-'03. 

-I-  SHedlT,. 

+ 6TTC1. 

-t  OIICl. 

-e  31101. 
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In  tlie  analysis  of  a solution  containing  gold,  as  well  as  some 
othei’  metals  of  Group  II.  precipitable  by  SHo,  it  is  usual  to  first 
remove  the  gold  in  the  metallic  state,  by  boiling  with  oxalic  and 
hydrochloric  acids,  before  passing  SHj.  The  precipitated  gold  is 
collected  on  a filter  and  fused  to  a button  on  charcoal. 

Gold  is  precipitated  from  a hydrochloric  acid  solution  of  AuCls 
by  most  metals,  even  by  Pt,  Ag,  and  Hg. 


QUESTIONS  AND  EXEKCISES. 

How  w'oulcl  you  treat  a silver  coin  containing  a small  quantity  of  gold,  in 
order  to  extract  the  latter  metal  from  it  ff. 

How  is  AuClj  prepared?  ^ 

Describe  how  pure  metallic  gold  is  prepared  from  AuClj  in  the  wot  way. 
Explain  the  change  which  AU0S3  undergoes,  1st,  when  gently  heated  in  a 
bulb  tube;  2ndly,  when  heated  in  a tube  open  at  both  ends. 

How  can  gold  be  separated  from  an  alloy  of  An,  Ag,  and  Cu  P 


5.  PLATINUM,  Pt”  and  ‘L  Atomic  weight,  I97‘4. — This 
metal  is  found  native,  but  more  frequently  alloyed  with  other 
metals.  It  is  characterized  by  its  infusibility  before  the  blowpipe, 
and  is  not  acted  upon  by  the  usual  fluxes.  It  can,  therefore,  only 
be  examined  in  the  ivet  way. 

Unalloyed  platinum  is  not  attacked  by  either  nitric,  hydrochloric, 
or  sulphuric  acid,  but  by  aqioa  regia,  with  formation  of  platinic 
chloride,  PtCh.  A SOLUTION  OP  this  salt  is  employed  for  studying 
the  reactions  of  platinum. 

SH,  (ft-roup-rcageiit)  produces  slowly  a dnrh  hrown  precipitate 
of  platinic  tlisuipiiidc,  PtSo.  On  heating,  the  precipitate  forms 
quickly.  It  is  insoluble  in  nitric  or  hydi'ochloric  acid,  soluble  in 
aqua  regia,  difficultly  soluble  in  normal  ammonic  sulphide,  more 
speedily  in  yellow  sulphide,  with  which  it  forms  a sulpho-salt, 
PtSArnsj.  Heated  out  of  contact  with  air,  it  is  decomposed  into 
"Pt''S  and  S. 

SAm.j,  same  precipitate, 

PtCl4  is  useful  on  account  of  the  compounds  which  it  forms 
with  the  chlorides  of  the  alkali  metals  (and  with  the  chlorides  of 
many  organic  bodies,  e.g.,  the  so-ealled  alkaloids,  such  as  quinine, 
nicotine,  etc.). 

AmCl  produces  a light  yellow  crystalline  precipitate  of  ainiiinnic 
platinic  cbloridc,  ‘iAmC^PtCU.  From  dilute  solutions  a precipitate 
is  obtained  only  after  evaporation  to  diyness  on  a water-bath.  The 
precipitate  is  somewhat  soluble  in  water,  insoluble  in  alcohol. 

KCl  produces  a yellow  crystalline  precipitate  of  potasslc  platinic 
ciiluride,  2KCl,PtCl4,  analogous  in  its  appearance  and  properties  to 
the  precipitate  just  described. 

NaCl  forms  with  platinic  chloride  a double  chloride,  which  is,  however, 
soluble  in  water,  and  is  obtained  in  needle-shaped  crystals  only  after  considerable 
evaporation. 

The  precipitate  produced  by  platinic  chloride  with  AmCl  and 
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KCl  serves  for  the  detection  and  isolation  of  platinum,  and  vice  versa, 
for  the  detection  of  ammonium  or  potassium  compounds.  (Comp. 
Chapter  II.) 

Platinum  is  capable  of  forming  a lower  chloride,  viz.,  j)latinous  chloride, 
"Pt"Clo,  in  which  the  platinum  acts  as  a dyad.  This  salt  is  obtained  by  heating 
the  platinic  chloride  for  some  time  in  an  air-  or  oil-bath  up  to  204°  C.,  as  long  as 
any  chlorine  is  evolved  ; or  by  acting  with  sulphurous  acid  upon  a solution  of 
platinic  chloride,  until  the  latter  ceases  to  give  a precipitate  with  ammonic 
chloride.  PtC'h  is  a greenish-grey  powder,  insoluhle  in  water,  but  soluble  in  hydro- 
chloric acid. 

[Several  reactions  in  the  wet  way  for  platinum  are  based  upon  the  power 
which  its  salts  possess,  of  oxidizing  other  bodies  which  have  some  bonds  left 
unsatisfied  ; but  as  platinic  salts  are  not  so  easily  reduced  as  gold  salts,  a solution 
of  tlie  latter  metal  is  generally  preferred.  After  what  has  been  stated  under 
gold,  the  following  reactions  will  be  readily  understood  : — 

Pt01.|  produces  with  SnCL  only  a dark  brownish-red  colour,  owing  to  the 
reduction  of  the  platinic  to  platinous  chloride. 

PtClj  is  reduced  by  SO.jFeo"  only  after  long-continued  boiling. 

P.tC'l4  is  reduced  to  platinum  by  formic  acid,  j^Q^QjpQi  on  heating,  if  the  free 

acid  be  neutralized  with  sodic  carbonate. 

Metallic  zinc  precipitates  metallic  platinum. 

It  is  obvious  that  ]ilatiuous  chloride  could  act  as  a reducing  agent,  but  it  is 
rarely  employed  for  this  pur])ose. 

W'heticver  platinum  and  gold  are  contained  in  a solution,  together  with  other 
metals  of  Group  11,  precipitablo  by  sulphuretted  hydrogen,  it  is  preferable  to 
remove  the  gold,  by  means  of  oxalic  acid  (which  does  not  reduce  platinic  chloride), 
before  removing  the  platinum  by  evaporation  with  ammonic  chloride. 

QUESTIONS  AND  EXERCISES. 

1.  ITow'  is  platinic  chloride  prepared?  Give  an  equation. 

2.  How  iTiuch  rt  will  be  loft,  when  1'5  grin,  of  2AmCl,PtCl.i  is  ignited? 

3.  How  is  platinous  chloride  prepared  ?_ 


Separation  of  the  metals  arsenic,  antimony,  and  tin,  whose  sul- 
ptliides  are  soluble  in  yellow  ammonic  sulphide,  or  in  sodic  hydrate. 

The  precipitate  produced  by  the  group-reagent  is  soluble  in 
yellow  ammonic  sulphide,  or  in  sodic  hydrate,  and  may  consist  of 
three  sulphides.  If  the  precipitate  be  of  a dark  brown  colour,  it 
may  be  inferred  that  stannous  sulphide  is  present.  If  it  be  of  a 
tine  lemon-yellow  colour,  the  presence  of  arsenious  or  stannic  sul- 
phide may  be  inferred,  if  orange-coloured,  antimony  should  bo 
looked  for. 

The  three  sulphides  are  unequally  soluble  in  hydric  ammonic 
carbonate.  AS.4S3  dissolves  freely,  SnSj  very  slightly,  and  Sb^S:, 
is  all  but  insoluble.  On  digesting,  therefore,  the  precipitate  with 
COHoAmo,  and  filtering,  arsenic  is  obtained  in  the  hltrate,  and 
antimony  and  tin  are  left  in  the  residue.  In  order  to  separate  the 
remaining  two  metals,  the  antimony  is,  for  the  most  part,  converted 
into  antimonietted  hydrogen,— tin  does  not  forma  gaseous  compound 
with  hydrogen.  Tor  this  purpose  the  tw'o  sulphides  are  dissolved 
in  hot  hydrochloric  acid,  and  the  solution  of  the  mixed  chlorides 
introduced  into  a Marsh’s  apparatus.  Antimony  is  detected  by  the 
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rnetallic  deposit  which  antimonietted  hydrogen  gives  on  porcelain, 
insoluble  in  CUSTao.  Tin  (antimony)  is  found  in  the  generating 
flask  deposited  on  the  strips  of  zinc  as  a greyish-black  metal.  It 
’ is  removed  from  the  undissolved  zinc,  dissolved  in  hot  hydrochloric 
acid  (by  the  aid  of  a little  platinum  foil),  and  the  solution  tested 
with  mercuric  chloride.  A white  precipitate  of  mercurous  chloride, 
HgjCh,  indicates  the  presence  of  tin. 

The  separation  of  arsenic,  aiiiiniony,  and  tin,  may  thus  he  based 
upon — 

1.  The  solubility  of  As.Ss  in  hydric  amnionic  carbonate. 

2.  The  formation  of  antimonietted  hydrogen. 

3.  The  precipitation  of  tin  by  metallic  zinc. 

A tabular  scheme,  embodying  this  method  of  separation,  will  be 
found  in  Table  II  in  the  Analytical  Tables  at  the  end  of  the  book. 

Several  other  methods  of  recognizing  and  separating  the  metals 
tin,  antimony,  and  arsenic,  will  readily  suggest  themselves,  such  as 
the  one  which  is  based  upon  : — 

1st.  The  oxidation  of  As.,Sa,  Sb.^Sa,  and  SnS  by  concentrated 
nitric  acid  ; and  the  conversion  of  the  three  oxides  (by  fusion  with 
caustic  soda  in  a silver  crucible)  into  sodic  metantimonate,  arsenate, 
and  stannate. 

2nd.  The  insolubility  of  SbO^Nao  in  cold  water  and  alcohol 
(AsONao.i  and  SnONao^  being  soluble). 

3rd.  The  conversion  of  AsONaoa  and  SnONao2  into  ASjSs  and 
SnS,  by  means  of  sulphurous  acid  and  sulphuretted  hydrogen. 

4lh.  The  volatility  of  ASjSa,  when  heated  in  a current  of  dry 
SH.2  gas,  SnS  being  u on- volatile. 

5th.  The  absorption  of  the  volatilized  ASoSs  in  a solution 
of  sodic  hydrate,  oxidation  by  chlorine  and  precipitation  as 
AsO  AmoMgo". 

6th.  The  conversion  of  the  non-volatile  SnS  into  SnOj  by 
ignition  in  air. 

Another  method  is  based  upon  : — 

1st.  The  precipitation  of  arsenic  and  antimony  in  the  form  of 
sulphides,  by  boiling  a hydrochloric  acid  solution  of  the  three  metals 
with  sodic  hyposulphite,  tin  remaining  in  solution. 

2nd.  By  boiling  the  precipitated  As^S.-i  and  Sb^Sa  with  hydric 
potassic  sulphite  and  sulphurous  acid ; As.2S;(  is  converted  into 
potassic  metarsenite,  Sb-^Sa  remains  undissolved. 

A third  method  consists  in  ; — 

1st.  Removing  the  As.^Sa,  by  boiling  with  hydric  sodic  sulphite 
and  sulphurous  acid;  the  other  two  sulphides  are  not  dissolved. 

2nd.  The  oxidation  of  the  undissolved  Sb.^Sa  and  SnSj  with 
concentrated  nitric  acid  and  boiling  with  tartaric  acid ; Sb.204  is 
soluble,  SnOa  remains  undissolved. 
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A fourth  method  of  recoofnizinsf  arsenic,  antimony,  and  tin  is 
based  upon : — 

1st.  The  introduction  of  a solution  (in  HCl  by  the  aid  of  KO3CI)  - 
of  the  three  sulphides  into  a hydrogen  apparatus,  and  passing  the 
evolved  arsenietted  and  antimoiiietted  hydrogen  through  a solu- 
tion of  argentic  nitrate  ; the  tin  remains  behind  precipitated  on 
the  zinc. 

2nd.  Tlie  solubility  of  the  precipitated  SbAgs  in  tartaric  acid, 
and  precipitation  of  the  antimony  by  means  of  sulphuretted 
hydrogen  from  a hydrochloric  acid  solution. 

3rd.  The  precijjitation  of  the  AsAgOa  from  the  argentic  nitrate 
solution  by  moans  of  ammonia. 

A fifth  method  of  recognizing  the  metals  of  Group  Iln,  depends 
upon ; — 

1st.  The  insolubility  of  AS2S3  in  strong  hydrochloric  acid,  Sb^Sa 
and  SnS.3  being  dissolved.  The  presence  of  arsenic  is  confirmed  by 
fusion  with  potassic  cyanide  and  sodic  carbonate. 

2nd.  Tlie  precipitation  of  the  antimony  on  platinum  by  means 
of  a strip  of  metallic  zinc  ; a black  stain  indicates  antimony. 

3rd.  Dissolving  the  tin  precipitated  on  the  zinc  in  warm  dilute 
hydrochloric  acid,  confirming  it  by  means  of  mercuric  chloride.* 

PRACITCAL  EXEKCLSES  AND  QUESTIONS  ON  GROUP  IIb. 

1.  Sulphuretted  liydrogeu  produces  11  fine  yellow  precipitate,  a portion  of  which 
is  soluble  in  yellow  annnonic  sulphide.  What  inl'erenee  would  you  draw 
from  this,  and  how  would  you  examine  both  the  solution  and  the  residuary 
yellowish  sulphide  ? 

52.  Describe  scvesail  methods  for  separating  As  from  Sb. 

3.  Examine  some  green  paj)er-hangiiigs  for  As  (Scheelo’s  green). 

4.  Test  a sample  of  eommoreial  hydrochloric  acid  for  As  and  Fe. 

6.  Senarate  As  from  Sn  in  a solution  of  SnG'b  and  AS2O3,  containing  '500  grm. 
of  Sn,  and  '020  grm.  of  As. 

6.  Analyse  a solution  containing  '010  grm.  of  As  and  ‘100  grm.  of  Sb  by  con- 

verting the  two  metals  into  the  respective  hydrogen  compounds. 

7.  You  have  given  to  you  a hydrochloric  acid  solution  containing  '200  grm.  of 

Sn  and  'U20  grm.  of  Sb  ; also  a strip  of  zinc  and  a piece  of  platinum  foil. 
Describe  how  you  would  separate  the  two  metals. 

8.  Test  a sample  of  iron  pyriien,  I'eSj,  for  arsenic,  in  the  dry  and  iji  the  wet  way. 

9.  A precipitate  consists  of  Sb2S3  and  AS2S3.  Desciibe  difierent  methods 

of  analysis,  and  state  the  possible  causes  of  error  inherent  upon  each 
method. 

10.  Analyse  a mixture  of  SnO^  and  Sto2P4,  both  in  the  dry  and  wet  way. 

11.  You  have  given  to  you  a solution  containing  potassic  arsenite  and  arsenate. 

State  how  you  would  identify  the  two  oxides  of  arsenic  in  the  presence  of 

each  other.  « 

12.  Test  a solution  of  stannic  chloride  for  stannous  chloride. 

13.  How  can  you  detect  traces  of  antimonic  chloride  in  a solution  of  antimonious 

chloride  ? , 1 1.1 

14.  What  are  rhe  changes  which  As^S,,  Sb.S^,  and  SnSj  undergo  when  they 

are  treated  with  concentrated  nitric  acid  and  when  the  products  of  the 
oxidation  arc  fused  with  caustic  soda  ? 


* See  also  Table  11. 
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Chaptek  VI. 

REACTIONS  OP  THE  METALS  OF  GROUP  I. 

This  group  comprises  the  metals  silver,  lead,  and  mercury  in 
the  form  of  mercurous  compounds,  vphich  are  precipitated  by  dilute 
hydrochloric  acid. 

1.  SILVER,  Ag'.  Atomic  weight,  108. — This  metal  occurs 
tiative ; also  as  sulphide  in  silver  rjlance,  SAgz,  and  in  combination 
with  antimony,  as  sulpho-salt  in  trisulphargentic  orthosulphantimo- 
nite,  or  darJc  red  silver  ore  (pyrargyrUe),  SbAgSa ; with  arsenic  as 
trisulphargentic  sulpharsenite,  in  proustite,  AsAgSs ; as  CHLORIDE, 
AgCl,  in  ho7-ii  silver,  and  other  ores. 

EXAMINATION  IN  THE  DRY  WAY. 

Place  a small  quantity  of  powdered  silver  glance  towards  the 
middle  of  a hard  glass  tube  (combustion  tubing  of  about  \ inch 
internal  diameter,  cut  with  a sharp  file  into  lengths  of  5 to  6 inches, 
answers  best).  Heat  the  powder  gradually  by  moving  the  tube 
about  in  a Bunsen  gas  flame,  and  lastly,  heat  it  strongly  towards 
the  centre.  By  holding  the  tube  in  a slightly  slanting  position,  a 
current  of  air  is  made  to  pass  over  the  ignited  sulphide ; the  sulphur 
becomes  oxidized  and  is  carried  ofE  as  sulphurous  anhydride,  readily 
recognizable  by  its  pungent  odour.  Metallic  silver  is  left,  together 
with  a little  argentic  sulphate. 

Other  volatile  bodies,  such  as  antimony,  arsenic  (selenium  and 
tellurium),  which  are  frequently  present  in  pyritical  silver  ores,  are 
likewise  oxidized,  but  are,  to  a great  extent,  deposited  as  AS2O3  and 
SbjOs,  in  the  cool  part  of  the  tube. 

Mix  a little  of  the  finely-powdered  silver  gla.nce  (or  of  the  roasted 
ore)  with  sodic  carbonate,  and  heat  upon  charcoal  under  the  re- 
ducing flame  of  the  blowpipe.  A globule  of  bright  metallic  silver 
is  left,  which  is,  however,  almost  invariably  contaminated  with  a 
little  carbon  (?). 

Silver  ores  which  contain  no  other  fixed  element  but  silver,  are 
reduced  on  charcoal  to  the  metallic  state  by  a simple  fusion  with 
sodic  carbonate.  Antimony  and  arsenic,  if  present,  are  readily  vola- 
tilized as  metals,  before  the  reducing  flame.  The  sulphur  combines 
with  the  alkali  metal. 

Silver  ores  w'hich  contain  non-volatile  metals,  such  as  copper, 
iron,  etc.,  as  in  argentiferous  fahl  ore,  and  from  which  the  metal 
silver  could  not  be  eliminated  before  the  blowpipe  flame,  are  treated 
in  the  following  manner : — 

About  ‘100  grin,  of  the  finely-powdered  ore  is  mixed  with  its  own  bidk  of 
pounded  borax  glass ; wrapped  up  in  a small  piece  of  assay  lead  ;*  introduced 
into  a cavity,  made  in  a good  piece  of  charcoal,  and  fused  under  the  reducing 


* Lead  free  from  silver,  prcpaied  from  iilumbic  acetate. 
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flame  of  the  blowpipe,  at  first  gently,  and  afterwards  more  strongly.  The  heat 
is  kept  up  till  the  whole  mass  has  resolved  itself  into  a metallic  button  and  a clear 
glassy  borax  bead,  which  does  not  adhere  to  the  charcoal.  Sliould  the  metallic 
button,  on  cooling,  present  a dull  grey  surface,  indicative  of  the  presence  of 
antimony,  it  is  next  heated  in  the  oxidizing  flame,  until,  on  cooling,  it  shows  a 
bright,  somewhat  prismatic  surface.  It  is  then  detached  from  the  borax,  cleaned 
by  a blow  with  a hammer  and  carefully  cupelled  on  some  bone-ash  (tricalcic 
phosphate,  P20iCao"3),  pressed  into  a shallow  cavity  in  a piece  of  charcoal,  the 
surface  being  made  smooth  and  thoroughly  concave  with  the  round  end  of  a 
])cstle.  The  button  is  thoroughly  freed  from  borax,  placed  in  the  cupel,  and 
heated  in  the  oxidizing  flame.  The  lead  is  oxidized  and  absorbed  by  the  porous 
hone-ash,  forming  a mass  of  fused  litharge  around  the  metallic  bead.  If  one 
cujjellation  docs  not  j'ield  a brilliant  white  globule  of  silver,  i.e.,  if  the  copper 
has  not  been  entirely  removed — a fact  which  is  indicated  by  a black  colour, 
instead  of  the  pale  yellow  colour  of  the  litharge,  in  the  cupel — the  cupellatiou  of 
the  button  must  be  repeated  in  a fresh  cupel,  and  the  button,  if  necessary,  re- 
melted  with  a small  quantity  of  assay  lead.  The  silver  not  being  an  oxidizable 
metal,  is  obtained  in  the  metallic  state. 

SiiiaU  quantities  of  silo ei'  may  he  sej>arated  from  lead  (as  well  as 
from  other  metals)  hy  cnpellation. 

Fuse  some  finely-powdered  argentiferous  fialena,  PbS.SAg^  (or  PbAgs.i),  on 
chureoal  before  the  reducing  flame  of  the  blowpipe,  either  alone 
or  with  Bodic  carbonate.  A bead  of  an  alloy  of  much  lead  and 
very  little  silver  is  left.  Expose  this  bead  on  a small  cupel  (Fig. 
14)  to  the  oxidizing  action  of  the  blowpipe  flame.  The  lead  is 
oxidized  and  absorbed  by  the  cupel,  metallic  silver  being  left. 

Dried  AgCl  is  mixed  with  dry  CONaOi,  in  a small  mortar,  transferred  to  the 
charcoal  and  heated  in  the  reducing  flame  of  the  blowpipe.  A button  of 
metallic  silver  is  left,  thus  : — 

2AgC'l  -t  CONaos  = 2NaCl  -t-  CO3  -t-  O -t  Aga-* 


Fio.  14. 


REACTIONS  IN  THE  WET  WAY. 

For  the  reactions  of  silver  in  the  wet  way  a SOhUTiON  of 
ARGENTIC  NITRATE,  NOaAgo,  is  employed. 

HCl  (ffroiip-reasciit)  and  soluble  clilorliles  (NaCl,  etc.),  give  a 
vdiite  curdy  precipitate  of  arsentlc  chlorlile,  AgCl,  which  turns 
violet  on  exposure  to  light,  f'he  precipitate  is  insoluble  in  Avater 
and  dilute  acids  ; slightly  soluble  in  concentrated  nitric  and  hydro- 
chloric acids;  readily  soluble  in  animonic  hydrate,  potassic  cyanide 
and  sodic  hyposulphite;  soluble  also  to  a perceptible  extent  in  con- 
centrated hydrochloric  acid  and  in  saturated  solutions  of  alkaline 
chlorides,,  more  particulai’ly  when  heated,  whence  the  dissolved 
argentic  chloride  is,  however,  reprecipitated  on  dilution  Avith  water. 

Collect  the  precipitated  AgCl  on  a filter  and  dry  over  a sand-bath.  Fuse  a 
portion  of  the  dried  salt  in  a porcelain  crucible  over  a small  gas-flame.  The 
white  powder  fuses  ; it  undei'goes  a mere  physical  change,  and  leaves  on  cooling 

a hard  mass,  called  horn  silver . ' , , , , n 1 

Place  a small  piece  of  zinc  on  the  fused  horn  silver,  and  add  a drop  of  dilute 
hvdrochloric  acid  and  a little  water.  A voltaic  action  is  set  up  between  the 
iiietallic  zinc  and  silver.  The  zinc  removes  the  chlorine  and  leaves  the  metallic 
silver.  The  same  action  takes  place  when  thoAi  hite  curdy  precipitate  of  argentic 
caioride  is  brought  in  contact  with  strips  of  metallic  zinc. 

This  forms  a convenient  method  of  recovering  silver  from  silver  residues. 


* The  oxygen  rciireseiilod  in  this  equation  combines  of  course  with  the 
carbon  of  the  cliarcoal. 
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NaHo  or  KHo  precipitates  arj^cntlc  oxide,  OAgj,  in  the  form  of 
a brown  poivder,  which,  on  strong  ignition,  gives  off  oxygen,  and  is 
converted  into  metallic  silver. 

AmHo,  when  gradnaliy  added,  precipitates  argentic  oxide, 
readily  soluble  in  excess. 

SHo  precipitates  black  arsentlc  siilplilde,  SAg>,  from  acid  solu- 
tions ; insoluble  in  dilute  acids,  in  alkalies,  alkaline  sulphides,  and 
potassic  cyanide  ; readily  soluble  in  dilute  boiling  nitric  acid,  with 
separation  of  sulphur. 

SArno  (or  any  soluble  sulpliide)  precipitates  from  neutral  solu- 
tions black  argentic  .sulphide. 

HI  or  KI  gives  a yellowish  precipitate  of  argentic  Iodide,  Agl, 
insoluble  in  dilute  nitric  acid ; almost  insoluble  in  ammonic  hydrate 
(distixction  between  AgCl  and  Agl). 

HBr  or  KBr  gives  a yellowish- white  curdy  precipitate  of  argentic 
hroiuide,  AgBr,  insoluble  in  dilute  nitric  acid  ; difficultly  soluble  in 
ammonic  hydrate;  readily  soluble  in  potassic  cyanide,  or  sodic 
hyposulphite ; decomposed  by  concentrated  hydrochloric  acid,  with 
evolution  of  bromine  vapour  and  conversion  into  AgCl. 

HCy  or  KCy  gives  a white  curdy  precipitate  of  argentic  cyanide, 
AgCy,  soluble  in  excess  of  the  reagent;  insoluble  in  dilute  nitric 
acid  ; soluble  in  ammonic  hydrate,  but  reprecipitated  by  dilute  nitric 
acid ; soluble  in  sodic  hyposulphite.  The  precipitate  is  decomposed 
by  concentrated  boiling  nitric  acid  ; it  is  decomposed  also  when 
heated  by  itself  in  a porcelain  crucible,  to  paracyanide,  metallic 
silver,  aud  cyanogen  gas  (distinction  from  AgCl,  Agl,  and  AgBr). 

On  placing  a bright  and  clean  strip  of  copper  into  a solution  of  argentic 
nitrate,  the  copper  becomes  rapidly  covered  with  a lustrous  coating  of  metallic 
silver,  and  the  solution,  after  a time,  gives  no  more  precipitate  witli  liydrochloric 
acid.  The  silver  is  deposited  on  theeopper  in  the  metallic  state,  aud  the  solution 
contains  now  N2O4CU0" : an  equivalent  quantity  of  copper  (63'5  by  weight  of 
copper  for  every  216  of  silver)  having  been  dissolved. 

Place  a small  globule  of  mercury  into  a concentrated  solution  of  argentic 
mtmte  on  a watch-glass.  The  globule  of  mercury  becomes  rapidly  covered  witli 
a crystalline  mass,  resembling  some  vegetable  growth,  termed  aborescen.ee.  After 
a time  the  whole  of  the  silver  becomes  removed  from  the  solution,  and  the  solu- 
tion contains  in  the  place  of  the  argentic  nitrate,  mercuric  nitrate,  No04Hgo". 
Metallic  silver  is  precipitated  and  forms  with  the  mercury  au  amalgam  wliich  is 
ciystallinc.  This  crystalline  mass  is  termed  a silver  tree  {arbor  Diance^. 

Strips  of  the  metals  Zn,  Fe,  Sn,  Sb,  Pb,  and  Cd  may  likewise  be  ^ployed 
tor  the  precipitation  of  metallic  silver. 

These  changes  illustrate  the  action  of  the  more  electropositive 
metals  upon  solutions  of  less  electropo.sitive  metals,  induced  by  vol- 
taic electricity.  They  come  under  the  third  class  of  chemical  changes, 
Mz.,  displacement  of  one  element  by  another  element. 

Take  clear  solution  of  one  part  of  grape  sugar  and  6 — 8 parts  of  distilled 
water,  and  a somewhat  dilute  solution  of  argentic  nitrate.  Heat  the  latter  in  a 
test-tube,  nearly  to  boiling,  and  add  the  grape  sugar  solution.  The  liquid 
becomes  at  once  turbid,  and  a greyish-white  powder  of  metallic  silver  falls  to 
the  bottom  ; or  a yellowish  white  metallic  deposit  forms  on  the  sides  of  the  test- 
tube,  which,  on  rubbing  with  a glass  rod,  sliows  bright  streaks  of  metallic  silver. 


96 


LEAD. 


The  metallic  silver  can  be  filtered  off  and  fused  on  charcoal,  before  the  blowpipe, 
to  a brilliant  globule. 

The  cause  of  the  reduction  of  argentic  salt  must  evidently  be  sought  for  in 
the  grape  sugar.  It  lias  been  seen  that  argentic  oxide  loses  its  oxygen  readily 
on  ignition.  Certain  organic  substances,  such  as  grape  sugar,  formic  acid,  and 
aldehyde,  are  bnown  to  combine  eagerly  with  oxygen,  and  the  OAg2  (in  two 
molecules  of  NOoAgo)  parts  with  its  oxygen  and  yields  a deposit  of  metallic 
silver. 

This  reaction  has  found  an  important  jiraetical  application  in  the  manufacture 
of  looking-glasses,  etc. 

The  silver  in  the  argentic  nitrate  is  displaced  by  hydrogen  from  the  organic 
bodies,  nitric  acid  being  left  in  solution,  carbonic  anhydride  and  water — the  two 
ultimate  products  of  oxidation  of  organic  mutter — being  formed  by  the  oxida- 
tion of  the  organic  substances. 


. f cri. 

On  igniting  a few  crystals  of  argentic  acetate,  iri  O'  covered  por- 

celain crucible,  gently  at  first,  and  strongly,  as  soon  as  no  more  fumes  are 
given  off,  a mass  of  frosted  silver  is  left,  having  the  sliape  of  the  original 
crystals. 


QUESTIONS  AND  EXERCISES. 

ITow  is  argentic  nitrate  prepared  ? 

What  change  takes  ]ilace  when  silver  glance  is  roasted  in  a tube  ? 

Write  out  the  equations  for  the  reactions  of  silver  in  the  wet  way. 

How  much  NaCl  will  be  required  to  convert  1'5  grin,  of  N"0.>Ago  into  AgCl? 
A dilute  solution  of  hydrochloric  acid  (containing  00365  grm.  of  the  acid  in 
one  cubic  centimetre  of  the  solution)  is  precipitated  with  NO.iAgo.  How 
much  AgCl  by  weight  do  w'e  get  from  150  c.c.  of  the  acid  solution. 

f CIT. 

6.  What  is  the  percentage  composition  of  argentic  acetate,  cOAgo’ 

much  silver  will  be  left,  when  ’451  grra.  of  acetate  is  ignited  ? 

7.  What  changes  docs  AgCy  undergo  upon  ignition 


2.  LEAD,  Pb"  find  Atomic  weight,  107. — Occurs  in  nature 
chiefly  in  combination  with  sulphur,  as  PbS",  in  galena;  also  as 
CARBONATE,  in  lead  spar  or  white  lead  nre^  COPbo";  as  sulphate,  iu 

lead  vitriol,  SO-^Pbo",  in  leadhillite,  — p,Pbo"Pbo",  and  in  lanarJatc, 


{^O 

Pbo"2 ; as  oxychloride,  in  mendipite,  PbCl2,2PbO 

OC_/2 

formula:  Cl — Pb — 0 — Pb — 0 — Pb — Cl;  as  phosphate 


CHLORIDE,  xa.  pyromorphite,  P303Pbo"4 


graphic 
and  OXY- 


EX.\.MINAT10N  IN  THE  DRY  WAY. 

The  principal  blowpipe  reaction  consists  in  reducing  lead  com- 
pounds on  charcoal  to  metallic  lead,  either  by  themselves,  or  by  the 
aid  of  sodic  carbonate,  or  potassic  cyanide,  aud  iu  the  yelhm  iucnis- 
tation  of  oxide  w'hich  they  yield,  which  disappears  when  heated  in 
the  oxidizing  flame,  imparting  a him  colour  to  the  flame.  The 
change  which  takes  place  when  galena  is  heated  Avith  sodic  car- 


LEAD. 
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bonate  in  a crucible,  out  of  contact  witb  air,  is  expressed  by  tbe 
equation : — 

7PbS  + 4CONao2  = 4Pb  + HPbNasa  + SOolSTaos  + 400^ ; 

Fusible  slag. 

but  when  heated  in  contact  with  air,  or  in  the  presence  of  an 
oxidizing  agent,  such  as  saltpetre,  the  loss  of  lead  in  the  slag  is 
avoided,  thus : — 

PbNass  + 70  + CON'ao2  = Pb  + 2S02Nao2  + COj. 

When  galena  is  roasted  in  a glass  tube  open  at  both  ends,  it  is 
converted  into  SOoPbo",  PbO,  and  SO2,  thus : — 

(1)  PbS  + 04=  SOaPbo". 

(2)  PbS  + 03  = PbO  + SO2. 

With  borax  and  microcosmic  salt,  lead  compounds  give  in  the 
outer  flame  a clear  yellowish  glass  when  hot  (owing  to  the  combi- 
nation of  the  PbO  with  the  boric  or  phosphoric  acid,  and  formation 
of  a sodic  plumbic  borate  or  phosphate),  which  is  colourless  when 
cold. 

All  lead  minerals,  espeeially  tbe  antimonial  sulplio-salts,  houl  anger  He, 
SboPbs;,,  hournonite,  ^{Cn.2&" «)",  jamesonite,  Sb4S3Pbs"Pbs"2,  and  argen- 

tiferous galena,  contain  more  or  less  silver,  as  may  bo  ascertained  by  carefully 
cupelling  the  metallic  button  on  charcoal  (comp,  silver,  page  94). 

The  presence  of  antimony,  arsenic,  and  sulphur  reveals  itself,  when  these  ores 
are  heated  on  charcoal  (garlic  odour  and  fumes  of  AS0O3,  or  SbjOa) , or  in  a glass 
tube  open  at  both  ends  (white  sublimate,  fumes,  and  odour  of  SOo) . 


REACTIONS  IN  THE  WET  WAY. 


For  the  reactions  of  lead  in  the  wet  way  A solution  op  plumbic 

CH3) 


N02„. 

NITRATE,  jq-Q^Pbo 


or  acetate 


({gg’> 


Pbo",  is  used,  most  other 


plumbic  salts  being  insoluble  in  water. 

HCl  (sroup-reasent),  or  .soluble  chlorides  give,  with  a not  too 
dilute  solution  of  plumbic  salts,  a heavy  white  precipitate  of  plumbic 
chloride,  PbCli,  soluble  in  much  cold  water,  readily  in  boiling 
water,  from  which  the  plumbic  chloride  crystallizes  out,  on  cooling, 
in  fine  needles ; less  soluble  in  solutions  containing  dilute  hydro- 
chloric or  nitric  acid.  Ammonia  converts  it  into  a basic  salt,  of  the 
composition  PbHoCl  (plumbic  chlorohydrate), — a white  powder 
almost  insoluble  in  water. 

NaHo  or  KHo  precipitates  plumbic  hydrate,  PbHo2,  soluble  in 
excess  of  the  reagent,  especially  on  heating.  The  PbHo2  must  be 
viewed  as  acting  the  part  of  a weak  acid,  on  combining  with  the 
strong  alkali  base. 

AmHo  precipitates  a white  basic  salt,  insoluble  in  excess.  The 
precipitate  forms  only  slowly  in  a solution  of  plumbic  acetate. 

SH3  precipitates  black  plumbic  sulphide,  PbS,  from  acid  solu- 
tions. If  a large  excess  of  hydrochloric  acid  be  present,  the  pre- 
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(diplumbie  sulpho- 
a hlacJc  precipitate 


pbCl 

cipitate  is  reddish-broion,  consisting  of  < S , 

[PbCl 

dichloride) . On  diluting  considerably  with  water, 
is  obtained. 

SAiUa,  or  soluble  sulpliidcs,  precipitate  likewise  blade  PbS,  in- 
soluble iu  dilute  acids,  alkalies,  and  alkaline  sulphides.  Plumbic 
sulphide  is  soluble  in  hot  dilute  nitric  acid,  plumbic  nitrate  being 
formed,  with  separation  of  sulphur.  Concentrated  nitric  acid  con- 
verts it  into  SOaPbo";  the  oxidation  extends  to  the  sulphur,  as  well 
as  to  the  lead. 

SOoHoo,  and  soluble  sulplintcs,  precipitate  white  pluiublc  sul- 
ithatc,  SOaPbo",  almost  insoluble  in  water,  especially  in  the  presence 
of  excess  of  dilute  sulphuric  acid  ; insoluble  also  in  cold  dilute  acids, 
soluble  in  boiling  hydrochloric  acid,  from  which  plumbic  chloride 
crystallizes  out  on  cooling ; soluble  in  potassic  hydrate,  and,  lastly, 
readily  soluble  in  concentrated  solutions  of  certain  salts,  such  as 
sodic  hyposulphite,  ammonic  acetate  or  tartrate,  in  the  presence  of 
excess  of  ammonic  hydrate,  from  which  solutions  SO2H02,  SAm2,  or 
Cr02Ko2,  jirecipitato  the  lead  again.  Boiling  with  sodic  carbonate 
converts  S02Pbo"  into  insoluble  COPbo".  Plumbic  sulphate  sepa- 
rates from  dilute  aqueous  solutions  only  on  the  addition  of  alcohol 
(methylated  spirit). 

Cr02Ko2  precipitates  yellow  iilumbic  clirumatc,  Cr02Pbo" 
(c/rrome  1/eZZow),  readily  soluble  in  potassic  or  sodic  hydrate ; diffi- 
cultly soluble  in  dilute  nitric  acid,  insoluble  in  acetic  acid. 

CONao2,  as  well  as  COKo2and  COArao2,  give  a zy/iiife  jirecipitate 
of  a basic  carbanatc  (tohite  lead),  of  varying  composition,  usually 

represented  as  QQ^Qp^Ho)  (triplumbic  dihydrate  dicarbo- 

nate), insoluble  iu  water  and  in  potassic  cyanide. 

KI  gives  a yelloiu  precipitate  of  plumbic  iniiidc,  Pblo,  soluble  in 
excess  of  the  reagent ; also  soluble  in  much  hot  water,  from  which 
it  separates  on  cooling  in  beautiful  golden-yellow  scales. 

KCy  precipitates  white  plumbic  cyanide,  Pb0y2,  insoluble  iu 
excess,  soluble  in  dilute  nitric  acid. 


Soluble  phosphates,  arseiiites,  and  arsenates,  silicates,  borates,  oxalates,  tar- 
trates, citrates,  ferro-  and  ferricyanides  give  precipitates  with  islumbie  salts, 
which  are  insoluble  in  water,  but  soluble  in  dilute  nitric  acid.  These  prccijji- 
tates  possess,  however,  only  a secondary  interest. 

Metallic  iron  or  zinc  precipitates  lead  from  its  salts.  Thi.s  is  seen  very 
strikingly  on  dissolving  a few  ounces  of  plumbic  acetate  {sugar  of  lead)  in  dis- 
tilled water,  with  the  addition  of  a little  acetic  acid,  and  suspending  in  the 
solution  a j)iece  of  zinc  from  a tlircad.  The  zinc  becomes  covered  with  a 
beautiful  crystalline  deposit  of  metallic  lead,  which  increases  rapidly  if  the  solu- 
tion be  left  undisturbed,  and  acquires  the  appearance  of  the  branch  of  a tree 
{arbor  Saiurni) . The  metallic  structure  can  be  preserved  for  days  in  unaltered 
beauty.  On  removing  the  precipitated  lead  from  the  piece  of  zinc,  the  latter  is 
found  much  corroded  and  considerably  diminished  in  size  and  weight.  The  lead 
may  be  collected  on  a filter  and  washed  with  water,  dried,  and  fused  in  a erucible, 
under  a covering  of  borax,  to  a bright  metallic  button.  A quantity  of  zinc, 
atomically  equivalent  in  weight  to  the  precipitated  lead  (i.e.,  65  parts  by  weight 
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■of  zinc  for  every  207  of  lead)  has  dissolved,  and  is  found  in  tlie  solution, 
in  the  form  of  zincic  acetate.  Tlie  atomic  weights  of  Zn  (65)  and  Pb  (207)  can 
be  determined  roughly,  by  weighing  the  metallic  zinc,  before  and  after  immersion, 
as  well  as  the  precipitated  lead. 

Heat  a httle  red  lead,  Pba04,*  in  a small  porcelain  crucible  or  in  a test-tube, 
to  which  a dehvery-tube  is  attached.  Oxygen  gas  is  given  off,  which  may  be 
collected  in  the  usual  manner  over  water.  The  residue  is  dark  yellow,  and  on 
cooling  turns  bright  yellow.  It  consists  of  plumbic  oxide,  PbO  (litharge), 
according  to  the  equation  : — Pb;j04  = 3PbO  + O, 

Treat  a httle  Pb304  with  dilute  hydrochloric  acid  in  a test-tube,  and  heat 
gently.  A greenish-yeUow  gas  comes  off,  and  tlie  red  lead  dissolves  to  plumbic 
chloride.  The  gas  is  readily  recognized,  by  its  odour,  as  chlorine  : — 

Pb304  -I-  8HC1  = SPbCla  + CL  40H2. 

Treat  another  portion  of  red  lead  with  dilute  nitric  acid.  The  red  colour 
changes  to  brown — the  coloiu’  of  plumbic  dioxide,  PbOo.  The  reaction  is  ex- 
pressed by  the  equation  : — 

Pb304  4-  4.NO3H0  = 2^Q2Pbo"  -t  PbOa  + 20Ho. 


Lead  can  thus  combine  either  with  one  or  two  atoms  of  oxygen  to  form  PbO 
■or  Pb02 ; it  can  exist  in  the  dyad  or  tetrad  condition  (Pb"  and  Pb''")  and  red 
lead  is  obviously  composed  of  two  oxides,  of  Pb‘''0-2  + 2Pb"0.  The  plumbic 
fUoxide  in  red  lead  yields  the  oxygen.  It  is  written  graphically : — 


PbwPbo"2 


Pb/ 


0\ 

>Pb/ 


\ 


Pb 


(Ti’i])lumbic  tetroxide). 


The  minerals  plattnerite,  PbO-2,  and  minmm,  Pb304,  represent  the  corre- 
sponding natui’al  oxides. 

It  is  evident  from  the  above  experiments,  that  lead  occurs  more  frequently  in 
the  dyad  than  in  the  tetrad  condition. 

SO-jHoo  forms  with  Pb02  a sulphate,  S02Pbo"  oxygen  being  given  off. 

PbO.>  absorbs  sulphurous  anhydride  readily,  forming  S02Pbo". 

HCl  on  heating  with  plumbic  dioxide  yields  chlorine. 

Minium  or  red  lead,  and  the  brown  plumbic  dioxide  are  powerful  oxidizing 
agents.  They  furnish  likewise  means  for  preparing  chlorine  gas. 


QUESTIONS  AND  EXEECISES. 

1.  How  much  oxygen  by  weight  and  by  volume  (at  0°  C.  and  760  mm.)  can  be 

obtained  from  30  grms.  of  red  lead  I 

2.  Write  out  the  symbolic  equations  for  the  reactions  of  lead  in  the  wet  way. 

3.  How  can  Pb  be  separated  from  Ag,  in  the  wet  way  ? — 1st,  by  using  hydro- 

chloric  acid ; 2nd,  potossic  cyanide ; 3rd,  sulphuric  acid,  as  a precipitant. 

4.  Give  graphic  formula:  for  while  lead,  red  lead,  plumbic  acetate,  mendipite, 

plumbic  chlorohydrate,  plumbic  nitrate  and  chromate,  diplumbic  siiljiho- 
dichloride. 

5.  Describe  how  you  would  analyse  an  alloy  of  5 parts  of  lead,  3 parts  of  tin, 

and  8 parts  of  bismuth,  a so-called  alloy  melting  at  98°  0. 


200'^  Hg'2.  Atomic  weight,  2 x 

A SOLUTION  OF  MERCUROUS  NITRATE,  j^Q^HgaO",  is  USecl. 

* The  composition  of  commercial  red  lead  is  more  correctly  expressed  by  the 
formula  ^6405.  •’ 


MERCUROSUM. 


HCl  (^oup-rcagent),  or  soluble  chlorides,  give  a white  precipi- 
tate of  iiiercuroiis  chloride,  'Hg'aClj  (calomel),  which  is  insoluble  in 
dilute  acids  and  is  blackened  by  KHo  or  AmHo,  the  latter  con- 
verts it  into  Hg'  2O  and  mercurosammonic  chloride,  NH2'Hg'2Cl. 
Mercurous  is  converted  into  mercuric  chloride  by  the  addition  of 
chlorine  water.  Concentrated  hydrochloric  acid  converts  it,  upon 
long-continued  boiling,  into  Hg0l2  and  grey  metallic  mercury. 

NO 

Nitric  acid  oxidizes  it  readily  into  HgCU  and  jq-Q^Hgo",  with  evolu- 


tion of  nitrous  fumes.  Dry  'Hg20l2  sublimes  unchanged. 

NaHo  or  KHo  gives  a hlach  precipitate  of  mercurous  oxide, 
'Hg'  2O,  insoluble  in  excess. 

AmHo  produces  a hlach  precipitate  of  basic  dimcrcurosaminonic 
nitraitc  by  the  substitution  of  'PIg'2  for  2 atoms  of  hydrogen  in  two 
of  Amo,  thus  : — 


= N203'Hg'20"[™'Hg'202] 


, |^NH3 

Bfusic  flimercurosammonie  nitrate. 


-f  2N02Amo  4-  3OH2. 


The  precipitate  is  insoluble  in  excess. 

SH2  precipitates  hlach  mcreiiroiis  sul|ihidc,  'Hg'2S,*  insoluble  in 
excess  or  in  dilute  acids;  soluble  in  aqua  regia  or  in  yellow  jjotassic 
sulphide.  When  boiled  with  concentrated  nitric  acid,  the  second 

NO 

atom  of  mercury  in  'Hg'2S  is  converted  into  jq-Q^Hgo",  and  a white 


compound  of  mercuric  nitrate  and  sulphide. 


N020Hg 

NO.OHg 


^S,  is  formed.- 


SAm2  produces  the  same  black  precipitate. 

A clean  strijD  of  metallic  copper  precipitates  from  mercurous 
solutions  metallic  mercury,  cupric  nitrate  being  left  in  solution.  On 
gently  rubbing  the  greyish  deposit  with  a piece  of  wash-leather,  the 
surface  becomes  bright  and  shining  like  silver.  The  more  electro- 
positive metals,  Cu,  Cd,  Zn,  Fe,  Pb,  Bi,  precipitate  the  less  electro- 
positive metal  Hg. 

SOHoo,  S02Feo",  or  SnCk,  produces  a grey  23recipitate  of 
metallic  mercury.  On  decanting  the  liquid  and  boiling  the  grey  de- 
posit with  hydrochloric  acid,  distinct  metallic  globules  are  obtained. 
The  changes  may  be  expressed  thus  : — 


f;X"Hg20"  + SOH02  + OH2  = 2Hg  -1-  2NO2H0  -f  SO2H02. 

Xn  \Ji 

3Sn'Hg2o"  + 6S02Feo"  = 6Hg  -b  2(S02)3Fe20''‘  + (N02)oPe20^0 

IS  U2 


^g^Hg2o"  + SnCk  + 2HC1  = 2Hg  -b  SnCh  + 2NO2H0. 

* This  compound  appears  to  bo  a mixture  of  mercuric  sulpliido  and  mercury,- 
as  is  shown  by  the  ready  action  whicli  concentrated  nii.ric  aoid  lias  upon  it. 


101 


SEPARATION  OF  THE  IIETALS  OF  GROUP  I. 

ilei-ciu'ous  salts  thus  act  tiie  part  of  oxidizing  agents,  when  coming  in  con- 
tact with  more  powerful  reducing  agents. 

QUESTIONS  AND  EXERCISES. 

1.  Write  out  the  graphic  formulaj  of  calomel,  mercurous  nitrate,  mercm'ous 

oxide,  mercurosammonic  chloride,  basic  dimercurosammonic  nitrate. 

2.  Write  out  equations  for  the  reactions  which  mercurous  compounds  give  in 

the  wet  way. 

3.  How  can  mercurous  chloride  be  converted  into  mercuric  chloride  ? Give 

equations. 

4.  How  much  calomel  can  be  manufactured  from  20  lb.  of  metallic  mercury ; 

and  how  much  SO0H02  and  NaCl  by  weight  will  be  requhed? 

5.  What  is  the  action  of  boiling  nitric  acid  upon  mercurous  sulphide  ? 

A method  of  separating  the  metals  of  Group  I will  readily  sug- 
gest itself,  and  a tabular  analytical  scheme  may  be  drawn  up  without 
much  difficulty,  if  it  be  remembered : — 

1st.  The  sohohility  o/PbCb  in  boiling  water. 

2nd.  The  sokibility  0/ AgCl  in  AmHo. 

3rd.  The  comersion  of  the  Hg.2Cl2  into  blade  NHz'Hga'Cl  by  the 
action  of  AmHo. 

Table  I in  the  analytical  Tables  at  the  end  of  the  book  embodies 
this  method  of  separation. 


Before  proceeding  to  the  study  of  the  reactions  for  acids,  the 
student  will  do  well  to  tabulate  according  to  some  such  scheme  as 
the  one  given  on  p.  50,  the  knowledge  gained  of  all  the  metallic 
oxides  and  hydrates,  sulphides,  carbonates,  neutral  as  well  as  basic, 
etc.,  and  to  commit  the  reactions  to  memory. 

He  will  also  gain  much  precise  information  by  working  out  in  a 
tabular  form  and  illustrated  by  equations  : — 

(1.)  The  solubility  of  all  the  metals  hitherto  treated  of — 

(a.)  In  dilute  and  concentrated  hydrochloric  acid. 

(6.)  In  dilute  and  concentrated  nitric  acid. 

(c.)  In  dilute  and  concentrated  sulphuric  acid. 

(cZ.)  In  aqua  regia. 

i^tormation  given  in  the  Introduction  to  Inorganic  Chemistry,  III  Ed., 
pp.  96,  101  and  102,  117,  118,  119  and  120,  should  be  consulted,  as  well  as  that 
lound  in  this  work  under  each  metal. 

solubility  of  the  metallic  oxides  and  sulphides  obtained 
by  double  decomposition  in  the  wet  way,  in  the  different  acids,  in 
■caustic  alkalies,  and  in  alkaline  sulphides. 

PRACTICAL  EXERCISES  AND  QUESTIONS  ON  GROUP  I. 

1.  Test  a sample  of  gale)ia  for  silver  in  the  dry  way. 

-.  . n yse  a sample  of  ruhy  silver  in  the  dry  and  in  the  wet  way. 

on  aye  given  to  you  some  precipitated  argentic  chloride,  dilute  HCl,  and 
a s np  o metallic  zinc.  How  would  you  prepare  pure  metallic  silver  ? 
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4.  Analyse  a solution,  containing  '010  gim.  of  Ag,  as  NOjAgo,  -100  grm.  of  Hg 

as  N204Hg2o"  and  '010  grm.  of  Pb,  as  N204Pbo". 

5.  Describe  what  takes  place  when  a solution  of  argentic  nitrate,  containing. 

_ about  -010  grm.  of  Ag,  is  added  to  a hot  saturated  solution  of  KCl. 

6.  You  have  given  to  you  a mixture  of  red  lead  and  calomel.  What  takes  place 

when  the  mixture  is  treated  with  HCl  ? 

7.  Analyse  a mixtmre  (about  '050  grm.)  of  white  arsenic  owd.  corrosive  mblimate, 

both  in  the  dry  and  wet  way. 

8.  Test  a commercial  sample  of  baric  chloride  for  lead. 

9.  Test  a sample  of  white  lead  paint  for  impurities,  insoluble  iu  dilute  nitric 

acid,  and  examine  the  acid  lilti'ate  by  the  respective  group-reagents. 

10.  Prepare  some  pure  N02Ago  from  an  alloy  of  copper  and  silver. 


Chapter  VII. 

REACTIONS  OF  THE  ACIDS. 

A.  Inoroanic  Acids. 

CARBONIC  ANHYDRIDE,  CO2. — Occurs  in  the  atmosphere 
Jincl  ill  mineral  waters.  In  the  combined  state  it  forms  a constituent 
of  many  minerals,  called  carbonates,  which  have  for  the  most  part 
been  enumerated,  in  speaking  of  the  natural  compounds  in  which 
the  different  metals  occur. 

REACTIONS  IN  THE  DRY  WAY. 

On  ignition  some  carbonates  undergo  changes,  others  remain 
unchanged.  The  carbonates  of  the  fixed  alkali  metals  are  not  de- 
composed by  the  strongest  heat  up  to  temperatures  obtainable  in  an 
iron  blast-furnace.  At  very  high  temperatures  they  are  somewhat 
volatilized.  The  acid  carbonates  of  the  alkalies  are  reduced  by 
heat  to  normal  carbonates,  with  evolution  of  CO2.  The  carbonates 
of  all  other  metals  are  decomjiosed  more  or  less  readily  into  oxides 
(or  metals),  carbonic  anhydride  (and  oxygen)  being  given  off. 
Baric  and  strontic  carbonates  require  the  strongest  white  heat  for 
their  decomposition ; calcic  carbonate  requires  a strong  red  heat. 
All  the  others  are  I’cadily  decomposed  on  heating.  The  evolved 
carbonic  anhydride  is  a colourless  and  almost  odourless  gas,  heavier 
than  air,  and  can  be  poured  from  one  vessel  into  another.  When 
poured  or  passed  into  a test-tube  containing  lime-  or  baryta- water, 
a white  precipitate  is  obtained,  owing  to  the  combination  of  the 
carbonic  anhydride  with  the  caustic  alkaline  earthy  bases. 

REACTIONS  IN  THE  WET  AVAY. 

All  normal  carbonates  may  be  divided  into — 

1st.  Oarhonates  which  are  soluble  in  water,  consisting  of  the 
carbonates  and  bicarbonates  of  the  alkali  metals.  Thej' 
possess  an  alkaline  reaction. 


CARBONIC  ANHYDRIDE. 
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2nd.  Carbonates  which  are  insoluble  %n  xoater,  a few  of  which  arc, 
however,  soluble  in  presence  of  carbonic  anhydride,  with 
formation  of  acid  carbonates,  such  as  the  carbonates  of 
Da,  Sr,  Oa,  Mg,  I"e",  Mn",  but  are  reprecipitated  on  boil- 
ing. 

All  carbonates  are  decomjposed  by  dilute  acids, — organic  or 
mineral  (with  the  exception  of  HCy  and  SH2).  The  decomposi- 
tion is  marked  by  strong  effervescence  and  eTolution  of  CO2.  On 
passing  the  evolved  gas  into  a solution  of  caustic  lime  or  baryta, 
the  carbonic  anhydride  becomes  once  more  fixed,  the  formation  of  a 
white  precipitate  (soluble  in  excess  of  the  gas  with  formation  of 
acid  carbonates)  confirming  the  presence  of  COa. 

Metallic  sulphites,  sulphides,  and  nitrites  are  likewise  decomposed  by  dilute 
acids  with  evolution  of  a gas ; but  the  evolved  SO2,  SHj,  or  NjOg  gases  arc 
readily  recognized  by  their  characteristic  odour  or  colour.  In  order  to  recognize 
COo  in  the  presence  of  SO2  or  SH.g,  the  gaseous  mixture  is  first  passed  into  a 
solution  of  an  alkahne  chromate  mixed  with  an  acid,  or  into  bromine  water,  or  a 
solution  of  a cupric  or  ferric  salt,  and  then  through  lime-  or  baryta-water. 

QUESTIONS  AND  EXERCISES. 

1.  How  would  you  prove  experimentally  the  pi’esence  of  carbonic  anhychide, 

1st,  in  spring  water  ; 2nd,  in  atmospheric  air ; 3rd,  in  wdiite  lead  ; 4th,  in 

coal  gas  ? 

2.  Classify  all  metallic  carbonates  according  to  their  respective  deportment,  1st, 

on  ignition  ; 2nd,  on  treatment  with  water ; 3rd,  m contact  with  excess 

of  COg.  Give  examples. 

3.  What  change  takes  place  when  tartaric  acid  and  hydric  potassic  carbonate 

are  mixed  together  ? 

4.  Which  is  the  most  characteristic  reaction  for  CO2? 

5.  How  would  you  recognize  the  presence  of  COg  in  a gaseous  mixture,  contain- 

ing SO2  and  CO2,  or  SH2  and  COg? 

6.  How  much  CO2,  by  weight  and  by  volume,  can  be  obtained  from  1'235  grm. 

ofCOCao"? 

7.  What  change  takes  place,  1st,  when  a current  of  CO2  is  passed  through  cold 

water  in  which  finely  divided  chalk  is  suspended  ; and  2nd,  when  the 

liquid  is  heated  to  boiUng,  subsequent  to  the  passing  of  the  gas  ? 

8.  Explain  the  effect  of  boding  upon  most  spring  waters. 

9.  What  is  the  usual  composition  of  boiler  deposits,  and  how'  w’ould  you  propose 

to  prevent  them  ? 


SULPHURIC  ACID,  SO2H00. — This  is  one  of  the  most 
powerful  acids,  for  it  is  capable  of  displacing,  in  the  wet  way  (with 
few  exceptions),  all  other  acids  from  saline  compounds.  It  forms 
with  bases  a series  of  very  important  salts, — the  sulphates,  most  of 
which  have  already  been  enumerated  in  treating  of  the  natural 
compounds  of  the  various  metals. 

RKACTIONS  IN  THE  DRY  WAY. 

On  heating  a sulphate  on  charcoal,  in  the  reducing  flame, 
together  with  CONaog  (free  from  sulphate)  sodic  sulphide  is 
formed  thus : — 

SOgMgo"  + 20  + CONao2  = SNa.  -b  MgO  -f  3CO.. 
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The  fused  mass  gives  off  SH2,  when  treated  with  a strong  acid 
(HCl),  readily  recognized  by  its  odour.  When  placed  on  a bright 
silver  coin  and  moistened  with  a drop  of  water,  it  produces  a black 
stain  of  argentine  sulphide.  This  reaction  applies,  however,  to  all 
sulphur  acids,  without  exception,  and  it  is  impossible  to  prove 
thereby  the  presence  of  SO2H02  any  more  than  that  of  some  other 
(lower)  oxide  of  sulphur. 

Heated  by  themselves,  the  sulphates  of  the  fixed  alkalies  and 
alkaline  eartliy  metals,  as  well  as  of  lead,*  are  not  decomposed. 
Acid  sulphates  (SOoHoKo,  etc.)  are  converted  at  a bright  red  heat 
into  normal  sulphates,  with  evolution  of  strong  sulphuric  acid. 
Other  metallic  sulphates  become  decomposed  more  or  less  speedily 
on  ignition,  giving  off'  sulphuric  or  sulphurous  anhydride  and 
oxygen,  according  to  tlie  nature  of  the  metal,  e.g. : — 

2S02Feo"  = Fe,0,  + SO,  + SO... 

SO2CU0"  = CuO  + SO2  + 0. 

REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  POTASsic  SULPHATE,  SO2K02,  maybe  employed. 

Sulphuric  acid  forms  normal  and  acid  sulphates,  which  are 
mostly  soluble  in  water,  the  exceptions  being  baric,  strontic,  calcic, 
and  plumbic  sulphates.  (A  few  basic  sulphates  are  insoluble  in 
water,  but  soluble  in  acids.) 

BaCl,  or  N204l3ao''  gives  a white  finely  divided  precipitate  of 
baric  Nulpliatc,  S02lBao",  insoluble  in  dilute  acids.  Care  must  be 
taken  not  to  have  too  much  free  hydrochlorip  or  niti’ic  acid  present, 
lest  any  of  the  baric  salts  be  preeijntated  : baric  chloride  and  nitrate 
being  much  less  soluble  in  strong  acids  than  in  water.  Tf  a very 
dilute  solution  of  a sulphate  has  to  be  precipitated,  the  solution 
should  be  heated  to  boiling,  and  allowed  to  stand  for  some  time 
after  the  addition  of  the  baric  salt. 

Tliis  reaction  distinguishes  SO..no2  from  all  other  acids,  except  hj'dro- 
fluosilicic  acid,  21TF,SiF,,  and  selenic  acid,  SeOoHo,,  which  also  form  baric  salts, 
insoluble  in  acids. 

Soluble  salts  of  strontium,  calcium,  and  lead  produce  white  iDrecipitates  of 
strontic,  calcic,  and  iiliiiiibic  siiljtliatcs,  which  are  more  or  less  soluble  in 
large  quantities  of  water : S02C'ao"  being  the  most  soluble  (in  about  500  parts 
of  water),  S02Sro"  dissolving  in  7,000  parts  of  cold  water,  and  S02Pbo"  in 
22,000  parts  of  water  only. 

Since  baric  salts  answer  eveiy  purpose,  recourse  is  rarely  had  to  these 
reactions  in  order  to  detect  sulphuric  acid.  The  addition  of  alcohol  (methylated 
spii'itl,  ensures  the  couqffete  precipitation  of  strontic,  calcic,  and  jjluinbic  sul- 
phates. Most  soluble  sulphates  can,  in  fact,  be  precipitated  from  their  aqueous 
solutions  by  the  addition  of  strong  alcohol. 

In  order  to  detect  free  sulphuric  acid,  by  itself,  or  in  the  presence  of  a sulphate, 
the  solution  is  evaporated  to  dryn(^ss  on  a water-bath,  together  with  a little  cane 
sugar.  A blackened  or  charred  residue  indicates  free  sidphuric  acid,  as  no  other 
acid  is  capable  of  decomposing  cane  sugar  in  like  manner. 

An  insoluble  sulphate  can  be  decomposed  by  continued  boiling  with  a con- 
centrated solution  of  an  alkaline  carbonate  : more  readily,  however,  by  fusion 


* .Silver  sulpliatc  endures  a low  red  heat  wil.h  but  little  change. 
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with  alkaline  carbonates  (fusion  mixture),  into  a soluble  alkaline  sulphate,  and 
an  insoluble  carbonate  or  oxide  of  the  metal,  thus  : — 

SO.,Bao"  + COJ^aoEo  = SO.^NaoKo  + COBao". 

SOiPbo"  + CONaoKo  = SOaNaoKo  + PbO  + COa. 

The  fused  mass  is  extracted  with  boiling  water,  and  the  insoluble  carbonate 
or  oxide  separated  by  filtration  from  the  soluble  alkaline  sulphate.  The  residue 
is  examined  as  usual  for  base,  and  the  solution  for  sulphuric  acid,  by  acidulating 
w’ith  dilute  hydrochloric  acid  (in  order  to  destroy  the  excess  of  alkaline  carbon- 
ates), and  adding  baric  chloride.  Calcic  sulphate  dissolves  in  ammonic  sulphate 
and  a little  AmHo  ; plumbic  sulphate  in  ammonic  acetate  or  tartrate,  or  in  sodic 
hyposulphite. 

QUESTIONS  AND  EXERCISES. 

1.  Classify  aU  metallic  sulphates  according  to  their  solubility  in  water. 

2.  How  are  metallic  sulphates  detected  in  the  dry  way  ? 

3.  Explain  the  action  of  heat  upon  the  difierent  metallic  sulphates. 

4.  How  is  free  sulphuric  acid  detected? 

5.  Describe  shortly  in  what  manner  SO.jBao",  SO.jSro",  S02Cao",  and 

SOaBao"  differ  from  each  other  with  regard  to  their  solubility  in  water, 
and  their  respective  deportment  with  various  other  solvents. 

6.  How  are  insoluble  sulphates  examined  qualitatively  P 


SULPHUROUS  ACID,  SOH02. — Obtained,  as  gaseous  an- 
hydride, SO2,  whenever  sulphur  is  burnt  in  air  or  oxygen,  or  when 
metallic  sulphides  {’pyrites,  blende,  galena,  etc.),  are  roasted  with 
free  access  of  air ; also  by  the  partial  deoxidation  of  sulphuric  acid 
by  means  of  metals,  such  as  (Du,  Hg,  Ag,  of  charcoal  and  various 
organic  bodies,  of  sulphur,  etc.  The  gas  is  readily  soluble  in  water, 
forming  sulphurous  acid,  which  combines  with  bases,  and  forms  a 
series  of  salts,  normal  or  acid,  termed  sulphites  : compounds  strongly 
characterized  by  the  tendency  which  they  exhibit  to  absorb  oxygen 
and  to  become  converted  into  sulphates. 

REACTIONS  IN  THE  DRY  WAY. 

Sulphurous  anhydride  is  recognized  by  its  characteristic  odour, 
the  odour  of  burning  sulphur.  It  combines  readily  with  metallic 
peroxides,  such  as  Mn02,  Pb02  with  formation  of  manganous  and 
plumbic  sulphates.  In  order,  therefore,  to  remove  SO2  from  a 
gaseous  mixture,  the  latter  is  usually  passed  over  Pb02. 

Many  solid  siilpbites  are  decomposed  by  beat  into  sulphates  and  sulphides, 
thus : — 

ISONao.  = SSOoNao,  + SNaj. 

The  earthy  sulphites  break  up,  on  heating,  into  oxides  and  sulphurous  anhy- 
dride. 

REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  SODIC  sui.PHiTE,  SONaoi,  may  be  employed. 

Sulphites  are  examined  by  liberating  sulphurous  anhydride  by 
means  of  strong  sulphuric  or  hydrochloric  acid,  the  gas  being  readily 
recognized  by  its  characteristic  pungent  odour. 

The  only  sulphites  soluble  in  water  are  the  alkaline  sulphites. 
Normal  baric,  strontic,  calcic,  and  magnesic  sulphites  are  insoluble 
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in  watei’,  but  are  dissolved  to  a great  extent,  by  a solution  of  sul- 
phurous acid,  with  formation  of  acid  sulphites,  from  -which  the' 
normal  salts  are  reprecipitated  on  boiling.  They  are  also  soluble  in 
dilute  hydrochloric  acid  (with  partial  decomposition)  ; but  on  the 
addition  of  an  oxidizing  agent,  such  as  chlorine  water,  free  iodine, 
sodic  hypochlorite,  nitric  acid,  etc.,  they  are  immediatelyprecipitated 
as  insoluble  sulphates  (SOoMgo"  excepted). 

Sulpliites  generally  contain  sulphatea  as  impurities.  A precipitate  consisting 
of  baric  sulphate  is,  therefore,  frequently  obtained  on  adding  baric  chloride  to  an 
acidulated  solution  of  a soluble,  or  to  a dilute  hydrochloric  acid  solution  of  an 
insoluble  sulpliite. 

On  filtering  off  the  precipitate,  and  adding  chlorine  water  to  the  filtrate,  a 
further  precipitate  is  obtained,  showing  the  presence  of  a sulphite. 

Traces  of  suljrhurous  acid  are  distinguished  with  difficulty  by  the  odour  alone, 
and  it  is  preferable,  therefore,  to  make  use  of  the  deoxidizing,  as  well  as  oxidizing 
action  which  the  acid  can  exert. 

] . Stilphurous  acid  acta  as  a powerful  reducing  agent. 

NOsAgo  gives  with  sodic  sulphite  a white  precipitate  of  argentic  sulphite, 
SOAgoj,  soluble  in  excess  of  the  alkaline  sulphite.  The  precipitate  blackens  on 
heating,  owing  to  tlic  separation  of  metallic  silver,  and  conversion  of  the  SOHo» 
into  SO^Iloj,  according  to  the  equation  : — 

SOAgOo  + OIL  = Ago  + SOoHoo. 

NoO.|lIgoo"  produces  a^rey  precipitate  of  metallic  mercury,  thus  : — 

S011g20^^  + Olio  = llg2  "1  S02ll02* 

The  instances  of  the  reducing  action  of  sulphurous  acid  are  very  numerous  ; 
its  action  upon  solutions  of  AuCla,  CrOolIoo,  FeoClo,  and  others,  already  noticed 
under  the  respective  metals,  need  not  be  noticed  hero. 

2.  Under  favourable  circumstances  sulphurous  avid  acts  as  an  oxidizing  agent., 
especially  when  brought  in  contact  with  other  more,  powerful  reducing  agents, 
such  as  nascent  hydrogen,  SU2,  SnC'b,  etc.  Thus,  by  introducing  the  least  trace 
of  SOII02,  or  a sulphite,  into  a flask,  in  which  hydrogen  is  generated  from  zinc 
and  hydrochloric  acid,  SII2  is  immediately  evolved,  together  with  the  hydi’Ogen, 
and  maybe  recognized  by  its  odour  and  action  upon  lead  paper.  The  change 
may  be  expressed  as  follows  : — 

SO2  + 3H2  = SH3  + 20H„. 

SO2  and  Silo  give  rise  to  the  formation  of  pentathionic  acid,  with  precipi- 
tation of  white  sulphur,  according  to  the  equation  : — 

r SOolTo 

5SOo  -r  5SKo  = \ S.,  ' + S,-,  + lOHo. 

[sOjHo 

Pentathionic 

acid. 

Sulphurous  acid  added  to  stannous  chloride  in  the  presence  of  hydrochloric 
acid,  gradually  precipitates  yellow  SnSo.  The  hydrogen  of  the  hydrochloric 
acid  acts  as  the  reducing  agent,  and  is  detached  from  the  chlorine  by  the  simul- 
taneous action  of  the  SnCb,  and  SOj,  the  one  eager  to  combine  with  chlorine, 
the  other  capable  of  yielding  oxygen  to  the  hydrogen,  to  form  water,  and  ulti- 
mately sulphur,  to  form  SII2,  which  in  its  turn  acts  upon  the  stannic  chloride, 
SnCli  (or  SnCL),  to  form  yellow  stannic  sidphide,  SnSj  (or  brown  SnS).  The 
following  equations  express  the  changes  : — 

(1)  SOH02  + SSnClo  + 6IIC1  = SSnCb  + SII2  + 30IL. 

(2)  SnCL  + 2SlIo  = SnSo  + 'IJICI. 

' Yellow 

stannic  sulphide. 
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QUESTIONS  AND  EXERCISES. 

1.  Describe  different  methods  of  preparing  sulphurous  anhydride. 

2.  What  is  the  action  of  heat  upon  sulphites  ? 

3.  Which  sulphites  are  soluble  and  which  are  insoluble  in  water  ? 

4.  Give  illustrations  of  the  reducing  action  of  sulphurous  acid  or  of  soluble- 

sulphites. 

5.  Explain  under  what  circumstances  sulphurous  acid  can  act  as  an  oxidizing 

agent ; give  instances  of  such  action. 

6.  How  would  you  distinguish  sulphurous  in  the  presence  of  stdphuric  acid  ? 

7.  What  changes  take  place  when  a mixture  of  dipotassic  dichromate  and  sodic 

sulphite  is  treated  with  concentrated  HCl?  Give  equations. 


HYPOSULPHUROUS  ACID,  SSOHo,  (szilplw  - sulphuric 
acid). — This  acid  has  never  been  obtained  in  the  free  state.  Com- 
bined with  soda  it  forms  an  important  salt,  viz.,  sodic  hyposulphite 
(the  hypo,  of  the  photographer),  obtained  by  boiling  a solution  of 
sodic  sulphide  with  sulphur,  or  by  the  oxidation  of  an  alkaline  per- 
sulphide in  contact  with  the  air. 

. REACTIONS  IN  THE  DRY  WAY. 

All  hyposulphites  are  decomposed  on  ignition.  Alkaline  hypo- 
sulphites leave  a polysulphide  and  a snlphate,  thus : — 

4(SSONao2)  = SsNao  -h  3S02Nao2. 

Others  yield  sulphites  or  sulphates,  with  evolution  of  sulphurous- 
anhydride,  owing  to  the  oxidation  of  a portion  of  the  sulphur. 

REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OP  SODIC  HYPOSULPHITE,  SSONaoj,  is  employed. 

Most  hyposulphites  are  soluble  in  water  (baric  hyposulphite  is 
difficultly  soluble  in  cold  water),  and  their  solutions  may,  with  few 
exceptions,  be  boiled  without  decomposition.  Calcic  hyposulphite 
is  gradually  decomposed  on  boiling,  the  precipitate  consisting  of 
calcic  sulphate  and  sulphnr.  The  same  decomposition  takes  place 
more  speedily  when  hyposulphites  are  treated  with  sulphuric  or 
hydrochloric  acid.  Sulphurous  anhydride  is  evolved  with  separa- 
tion of  sulphur.  The  precipitated  sulphur  is  yellow,  and  not  white, 
as  is  usually  the  case  when  sulphur  separates  in  chemical  reactions. 
This  chanrje  characterizes  hyposulphites. 

The  same  instability  of  the  sulphur  atom,  occupying  the  place- 
of  an  atom  of  oxygen  in  sulphuric  acid,*  is  observed,  when  hyposul- 
phites come  in  contact  with  salts,  whose  metals  form  with  sulphur 
insoluble  sulphides. 

^ NOjAgo  gives  a white  precipitate  of  argentic  liyiiosiilpliiilc, 
SSOAgOj,  soluble  in  sodic  hyposulphite,  which  speedily  turns- 

* Recent  investigations  (Dcut.  Cliom.  Ges.  Eer.,  vii,  p.  (546)  render  it  pro- 
bable that  the  composition  of  hyposulphite  is  not  SSORo.i,  but  SO^Rs.Ro  (R  = 
monad  metal). 
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yellow,  then  brown,  and  lastly  black  (SAg,),  especially  on  the 
application  of  heat,  thus : — SSOAgOj  + OHj  = SAgj  + SO2H02. 

Mercurous  nitrate  and  plumbic  acetate  give  similar  precipitates, 
which  are  decomposed  by  heat  into  Hg,S  or  PbS,  and  sulphuric 
acid. 

SnCh  gives  a brown  precipitate  of  SnS. 

Hyposulphites,  like  sulphites,  are  readily  oxidized,  but  yield  under 
certain  conditions  oxygen  to  more  powerful  reducing  agents,  and 
become  thus  oxidizing  agetits. 


Free  clilorine,  sodic  liypocliloiite,  ferric  chloride,  etc.,  oxidize  hyposidphites 
•completely  to  sulphates,  even  in  the  cold,  thus  : — 

SSONaoj  + IClo  + SOKj  = 2SOsHoNao  + 8HC1. 

SSONaOo  + 4ClNao  + OH,.  = 2SOJIoNao  + 4NaCl. 

SSONaOo  gives  with  PooClg  at  first  a reddish-violet  coloration  (diffebence 
BETWEEN  BUErinTES  ^ND  UYFO.siTLFiaTEs),  but  Oil  stauduig,  tlio  solution  is 
slowly  decolorized  (more  readily  on  heating),  with  formation  of  FeClo,  thus: — 

S.SONaoo  -t-  JFejCln  SOll.  = 2SO3H0NU0  + SFeCh  + 8HC1. 

Nascent  hydrogen  reduces  hyposulphites  to  sulphides,  wliich  evolve  with  the 
acid  siilpliuretted  hydrogen  : — 


SSONao,.  + 4.H0  -1-  2IR'1  = 2SIIo  + 30II„  4-  2NaCl. 

Sodic  hyposulphite  is  a useful  solvent  for  AgCl  (hence  its  appearance  in  photo- 
graphy), HgoClo  and  SO,.Pbo".  Calcic  hyposulphite,  SSOCao",  has  also  found 
an  interesting  application,  as  an  agent  for  removing  the  last  traces  of  chlorine  in 
the  bleaching  of  jiaper  pulp,  and  from  fabrics  bleached  by  means  of  bleaching 
powder,  to  prevent  their  deterioration  by  the  traces  of  chlorine  which  they  ai’e 
apt  to  retain.  It  has  on  that  account  received  the  name  of  antichlor.  The  free 
hydrochloric  acid  which  is  formed  in  the  reaction  is  neutralized  by  passing  the 
fabrics  through  a w'eak  alkaline  bath. 

The  property  of  sodic  hyjiosulphite  of  dissolving  AgCl  has  found  an  important 
metallurgical  apjjlication  in  tho  removal  of  silver  from  poor  argentiferous  ores, 
after  they  have  undergone  the  process  of  roasting  with  common  salt,  which  con- 
verts the  silver  into  AgCl,  insoluble  in  water. 


Besides  the  three  oxygen  acids  of  sulphur  just  described,  there 

f SO  Ho  f 

are  otliers,  such  as  ditldonic,  < > d'ithionic,  < S , tetra- 


\ SO2H0’ 


SOoHo 


SO2H0 


[ SO.Ho 


thionic,  < S2  and  pentathionic  acids,  < S3  , which  occur  but 
[SO2H0  [SO2H0 

rarely,  and  resemble  one  another  considerably  in  their  reactions. 
Their  consideration  must  be  reserved  fc^’  a more  extensive  course  of 
study. 


QUESTIONS  AND  EXERCISES. 

1.  How  is  sodic  hyposulphite  prepared  ? 

2.  How  are  hyposulphites  alTected  by  ignition  ? 

3.  Explain  the  action  of  sodic  hyposulphite  upon  plumbic,  argentic,  mercurous, 

and  stannous  salts. 

4.  Give  instances,  1st,  of  tho  reducing  action,  and  2nd,  of  tho  oxidizing  action  of 

hyposulphites. 
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5.  State  what  application  sodic  sulphite  has  found  in  photography  and  in 

6.  How  would  you  separate  baric  hyposulphite  from  baric  sulphate? 


HYDROSULPHURIO  ACID,  SHs— Obtained  as  a colour- 
less gas  by  the  decomposition  of  certain  metallic  sulphides,  such  as 
Fesf  ZnS,  SboSa,  by  means  of  sulphuric  or  hydrochloric  acid.  It 
is  characterized  by  a most  foetid  odour,  resembling  that  of  rotten 
eggs.  It  is  absorbed  by  cold  water,  forming  sulphuretted  hydrogen 
w^er  or  hydrosulphuric  acid,  which  reddens  blue  litmus-paper 
feebly.  Hydrosulphuric  acid  exchanges  its  sulphur  for  the  oxygen 
of  most  metallic  oxides,  both  in  the  dry  and  wet  way,  forming  water 
and  metallic  sulphides,  and  is  on  this  account  a most  valuable 
reagent.  Many  of  the  native  sulphides,  e.g.,  iron  pyrites,  galena, 
cinnabar,  zinc  ble7icle,  are  met  with  in  vast  masses. 

KEACTIONS  IN  THE  DRY  WAY. 

Metallic  sulphides  are  acted  upon  in  various  ways,  when  sub- 
mitted to  heat.  Some  are  decomposed,  when  heated  in  a close 
vessel,  into  metal  and  sulphur,,  e.g.,  AiioSa ; some  sulphides,  such 
as  PtSa,  FeS2,  SboSs,  SnSa,  PbS,  yield  up  a portion  of  their 
sulphur,  and  are  reduced  to  PtS,  PCaSi,  SboSs,  SnS,  PboS  ; others 
sublime  without  decomposition,  such  as  AS2S3  (orpiment),  HgS 
(cinnabar).  The  greater  number  of  metallic  sulphides  remain, 
however,  undecomposed,  when  heated  out  of  contact  with  atmo- 
spheric  air. 

Ivlost  sulphides  undergo  a change  when  roasted  in  a tube  open 
at  both  ends.  SAg2  leaves  metallic  silver  (usually  also  a little 
S02Ag02),  the  sulphur  by  combining  with  oxygen  passes  off  as 
SO2 ; some  sulphides  leave  a metallic  oxide,  e.g.,  SnS,  SboSa, 
BijSs;  others  again,  such  as  the  sulphides  of  the  alkalies  and 
alkaline  earthy  metals,  are  converted  into  sulphates.  Plumbic 
sulphide  (galena)  is  converted  into  a mixture  of  oxide  and  sulphate ; 
cupric  sulphide,  when  roasted  at  a high  temperature,  yields  SO2 
and  CuO  ; at  a lower  temperature  SO2CU0".  FeS  and  other  sul- 
phides of  the  iron  group  are  partially  converted  into  sulphates, 
which  on  the  application  of  a stronger  heat  lose  their  acid,  leaving 
metallic  oxides.  Many  native  metallic  sulphides  ai’e  distinguished 
for  their  metallic  lustre,  such  as  iro7i  and  copper ^^yi'ites,  galena,  gre^j 
antimony.  The  presence  of  a metallic  sulphide  cannot,  however,  be 
inferred  conclusively  from  the  evolution  of  SO2,  since  earthy  sul- 
phites are  broken  up,  on  ignition,  into  oxides  and  sulphm’ouS' 
anhydride. 

REACTIONS  IN  THE  WET  WAY. 

Alkaline  and  alkaliiie  earthy  sulphides  are  soluble  in  water  (CaS 
and  MgS  are  only  sparingly  soluble).  Dilute  hydrocliloric  acid 
decomposes  them  readily  into  metallic  chlorides  and  SH2.  All  other 
sulphides  are  insoluble  in  water.  Several  of  the  latter,  such  as  FeS, 
MnS,  ZnS,  are  decomposed  by  dilute  hydrochloric  acid  with  evolu- 
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tion  of  sulpliuretted  liydrogen.  Otliei’s  require  concentrated  bydro- 
cbloric  acid,  such,  as  NiS,  CoS  (difficultly  soluble),  Sb^Sa,  SnSo, 
PbS.  Sulphides  which  are  insoluble,  or  difficultly  soluble,  in  concen- 
trated hydrochloi'ic  acid,  sucb  as  BLSa,  CuS,  SAga,  PbS,  ASoSa,  are 
ilecomposed  by  concentrated  nitric  acid;  they  are  generally  oxidized 
into  sulphates — at  first  with  separation  of  sulphur,  which,  by  pro- 
longed digestion  is  for  the  most  part  converted  into  sulphuilc 
acid.  Others,  such  as  HgS,  PtSo,  AlloSs.  (As^Ss)  dissolve  in  aqua 
I’egia,  or  hydrochloric  acid  and  potassic  chlorate,  with  separation  of 
sulphur  and  formation  of  SOjIIon,  and  of  a metallic  chloride.  On 
dissolving  PbS,  SnSo,  SbaSa,  ASoSs,  in  concentrated  nitric  instead 
of  hydrochloric  acid,  they  .are  converted  principally  into  SOoPbo", 
Snoi  Sb.,04,  As.,05. 

To  detect  SH2  (m  an  aqueous  solution)  or  a soluble  sulphide  (a 
solution  of  SAmo  may  be  conveniently  employed),  add  a solution  of  a 
salt  of  ciidmium,  lead,  or  silver,  which  gives  by  double  decomposition 
a characteristic  precipitate  of  a metallic  sulphide : fine  yellow  for 
cadmium,  black  for  plumbic  or  argentic  salts. 

To  analyse  a sulphide  decomposable  by  hydrochloric  acid,  the 
evolved  sulphuretted  hydrogen  gas  is  made  to  act  upon  lead  paper 
•oris  passed  through  a solution  of  a plumbic  salt.  {Iron  pyrites, 
FeSo,  and  copper  pyrites,  Cu.jS,Fe2S3,  give  ofi'  SH3  only  in  the 
presence  of  hydrochloric  acid  and  zinc.) 

Sulphides  which  are  not  decomposed  by  hydrochloric  acid,  yield 
..sulphur  on  tre.atment  with  niti-ic  acid  or  aqua  regia,  and  must  be 
recognized  by  this  and  the  products  of  decomposition,  such  as 
SnOj,  S02Pbo",  as  well  as  the  reactions  which  they  give,  Avhen 
examined  in  the  dry  Avay. 

Many  native  sulphides,  such  as  I'ahl  ore,  etc.,  are  expeditiously  examined  by 
heating  the  linely-jjowdered  mineral  in  a hard  glass  tube,  in  a current  of  dry 
.chlorine  gas,  Avhen  the  metals  are  converted  into  chlorides  and  the  sulphur  into 
volatile  chloride  of  sulphur,  which  is  decomposed  on  being  passed  into  water. 

To  detect  a soluble  alkaline  sulphide  in  the  presence  of  free  SHo,  add  a few 
drops  of  a solution  of  sodic  nitroprusside.  This  reagent  does  not  affect  free 
SHo,  but  gives  a fine  purple  colour  with  the  merest  traces  of  soluble  sulphides. 
The*  colour  disa])pears  only  after  some  tune.  It  does  not  sIioav  in  the  j)reseuce  of 
free  caustic  alkalies. 

A mixture  containing  a soluble  alkaline  sulphide,  hyposudphiie,  sulphite,  or 
sulphate  may  be  examined  by  adding  COCdo"  to  the  aqueous  solution.  Filter, 
dissolve  the  excess  of  COCdo"  in  the  precijiitate  by  means  of  dilute  acetic  acid; 
a residue  of  yelloAv  CdS  indicates  the  presence  of  an  alkaline  sulphide.'  jtdd  to 
the  filtrate  BaCb  ; a precipitate  is  obtained,  consisting  of  S02Bao"and  SOBao". 
Filter  off  ; digest  the  precipitate  Avith  dilute  hydrochloric  acid,  and  fdter.  A 
Avhite  residue  shows  the  presence  of  an  alkaline  sidphate.  Add  chlorine  Avater  to 
tlie  filtrate  ; a precipitate  of  S02Bao"  indicates  the  presence  of  an  alkaline  sul- 
phite. The  filtrate  from  the  BaCL  precipitate  is  searched  for  SSOlIoo  by  the 
addition  of  HCl  and  boiling.  A preei])itatc  of  yellow  sulphur  and  the  odour  of 
SO2  indicates  the  presence  of  a hyposulphite. 

To  remove  SII2  from  a gaseous  mixture  of  CO2  and  SIL,  add  a solution  of 
cupric  chloride  and  shake  tqi  Avith  the  gases. 

QUESTIONS  AND  EXEECISES. 

1.  Whieh  sulphides  are  soluble  and  Avhich  are  insoluble  in  Avatcr? 

V.'.  Explain  how  certain  sulphides  arc  affected  by  dilute  hydrochlorie  acid,  and 
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liow  by  concentrated  hydrochloric  acid.  Give  characteristic  instances, 
and  express  the  changes  by  equations. 

3.  Describe  the  most  dehcate  reaction  for  gaseous  SH,. 

4.  What  is  the  action  of  nitric  acid  upon  ZnS,  PbS,  CuS,  SnS,  SboS^,  ? 

5.  How  would  you  jjrove  the  presence  of  an  alkaline  sidphide,  hyposulphite, 

sulphite,  and  sulphate  in  an  aqueous  solution  ? 

6.  How  can  you  prove  the  presence  of  SHo  in  coal  gas  ? 

7.  10  litres  of  unpurifled  coal  gas  yielded  ’235  grm.  of  CdS.  What  is  the 

percentage  of  SHg  in  the  gas  ? 

8.  What  change  takes  place  when  PtSo,  ShoSs,  FeSo,  AsoSj,  and  Kg'S  are 

heated  with  exclusion  of  air  ? 

9.  How  would  you  detect  sulphur  in  pig  iron  ? 

10.  Explain  the  action  of  chlorine,  bromine,  and  iodine  upon  SHo  ? 


NITRIC  ACID,  NOjHo. — Obtained  as  a colourless,  highly 
corrosive,  volatile  liquid,  of  a deep  yellow  colour  when  it  is  mixed 
with  nitrous  acid.  It  is  chaiucteiized  by  the  facility  with  which 
it  parts  with  its  oxygen,  and  it  is  on  this  property  that  the  detection 
of  nitric  acid  or  a nitrate  depends. 

KEAOTIONS  IN  THE  DRY  WAY. 

Most  nitrates  fuse  readily  when  heated.  All  are  decomposed 
when  exposed  by  themselves  to  a high  temperatui-e.  The  decomposi- 
tion varies  with  the  nature  of  the  base : a lower  oxide  of  nitrogen 
and  oxygen  being  generally  given  off.  Thus  ammonic  nitrate, 
NOoAmq,  breaks  up  into  ON2  and  OH2 ; potassic  or  sodic  nitrate 
into  nitrite  (always  contaminated,  however,  with  nitrate  and  caustic 
alkali)  with  liberation  of  oxygen,  and  ultimately,  on  the  application 
of  a stronger  heat,  into  oxide  or  peroxide — nitrogen  and  oxygen 
being  given  off ; others,  such  as  plumbic  nitrate,  into  0 and  N2O4, 
leaving  the  oxide  of  the  metal.  When  heated  together  with  bodies 
eager  to  take  up  oxygen,  such  as  carbon  (charcoal,  alkaline  cyanides, 
etc.),  sulphur  or  phosphorus,  the  decomposition  becomes  explosively 
violent,  and  nitrogen  gas  only  is  left  as  the  remnant  of  the  molecule 
N2O5.  (Chlorates  explode  in  like  manner,  but  leave  metallic 
chlorides.) 

REACTIONS  IN  THE  WET  WAY. 

With  the  exception  of  a few  basic  salts,  nitrates  are  readily 
soluble  in  water ; hence  nitric  acid  cannot  be  tested  in  the  usual 
way,  by  producing  precipitates  by  way  of  double  decomposition. 
When  acted  upon  by  various  reducing  agents,  the  deoxidation  of 
the  acid  may  be  partial  (accompanied  by  the  evolution  of  lower 
oxides  of  nitrogen)  or  complete  (nitrogen  only  being  left)  ; in  which 
case  the  nascent  nitrogen  is  capable  of  combining  with  hydrogen  in 
the  nascent  state  to  form  ammonia. 

1st.  Heuctions  in  which  nitric  acid  is  rediiced  to  lower  oxides  of 
nitrogen. 

A SOLUTION  OE  NITRIC  ACID  OR  OP  POTASSIC  NITRATE,  NO2K0,  may 
be  employed. 

NO2H0  (or  NO2K0)  is  decomposed  when  heated  with  concen- 
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fcrated  hydrochloric  acid  (or  a chloride  when  heated  with  nitric 
acid).  Chloronitric  gas,*  N2O2CI4,  is  evolved,  and  the  hqnid  acquires 
the  power  of  dissolving  gold-leaf  or  platinum  foil,  which  are  not 
soluble  in  single  acids.  (Chlorates,  hromates,  iodates,  chromates, 
and  permanganates  evolve  chlorine  when  treated  with  hydrochloric 
acid  ; they  dissolve  gold  or  platinum,  hut  give  off  no  N2O2.) 

Add  to  a dilute  solution  of  ferrous  sulphate  cautiously  its  own 
volume  of  concenti’ated  sulphuric  acid  (free  from  nitric  acid),  and 
allow  the  mixture  to  cool ; then  add  gradually  a solution  contain- 
ing a nitrate.  A ring  is  seen  to  form  at  the  point  of  contact  of  the 
two  layers,  of  a violet,  red,  or  dark  brown  coloui’,  according  to  the 
quantity  of  the  nitrate  present.  The  coloration  is  increased  by 
carefully  shaking  up  the  tluicl,  but  it  disajopears  on  heating.  This 
is  owing  to  the  formation  of  a transient  compound  of  the  ferrous 
salt  with  N2O2  = (4S02Feo",N202).  The  other  three  atoms  of 
oxygen  from  two  molecules  of  nitric  acid  oxidize  six  molecules  of 
ferrous  into  three  molecules  of  ferric  sulphate,  S:)0(ilfe20'''*.  This  con- 
stitutes one  of  the  most  delicate  reactions  for  nitric  acid.  The 
change  may  bo  expressed  thus  : — 

10SO2Feo"  -h  SSOaHoj  4-  2NOoHo  = 3S30oFe2o''‘ 

4-  4S02Feo",N„02  4-  4OH2. 

A solution  of  a nitrate,  wlien  added  to  a solution  of  indigo  in  sidpliurie  acid 
(sulphindigotic  acid),  clianges  the  blue  colour  of  the  indigo  to  yellow.  (Free 
chlorine  and  other  oxidizing  agents  bleach  indigo  likewise). 

Metallic  copper  (Ag,  Zn,  Pb,  or  Hg)  is  dissolved  by  nitric  acid 
with  evolution  of  ruddy  fumes,  and  by  potassic  nitrate  on  the  addi- 
tion of  sulphuric  acid. 

A similar  reaction  takes  place,  when  copper  filings  arc  mixed  with  a nitrate 
and  hydric  potassic  sulphate  and  fused  in  a test-tube  or  crucible. 

Minute  quantities  of  nitrates  found  in  mineral  waters,  in  rain 
water,  or  water  draining  from  arable  land,  may  be  detected  by  first 
reducing  the  nitrate  to  nitrite.  This  is  effected  by  heating  the  solu- 
tion for  some  time  with  a little  zinc  amalgam.  On  filtering  and 
adding  to  the  filtrate  a solution  of  ferrous  salt,  a dark  brown  colora- 
tion is  obtained;  or  byaddingadi’opof  a solution  of  potassic  iodide, 
some  freshly  prepared  cold  starch  solution,  and  a little  acetic  (or 
very  dilute  sulphuric)  acid,  a fine  blue  precipitate  of  iodide  of  starch 
is  produced,  thus  : — 

2NOK0  4"  2KI  4“  2SO2H02  = N202  4”  2SO2K02  4“  I2  4"  20H2- 

This  reaction  is  exceedingly  delicate. 

2nd.  Reactions  in  which  nitric  acid  is  entirely  reduced,  and,  its 
nitroejen  converted  into  avn/tnonia,. 

All  nitrates  when  fused  with  caustic  potassa,  lime,  or  soda-lime, 

* From  the  recent  investigations  oijrUden  (Chem.  Son.  Journ.,  July,  187-t, 
T).  634)  it  appears  that  Qay-Lussac’B  N0O2CI4  gas  is  a mixture  of  nif  rosyl  mono- 
chloride, NOCl,  with  varying  quantities  of  chlorine. 
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•and  some  non-nitrogenous  organic  substance,  such  as  sugar  or  starch 
evolve  ammonia,  thus  : — ’ 

'6NO2K0  + I8KH0  + Ci2H2.,Oii  = I2COK00  + 6NH3  -f  IIOH3. 

Sugar. 

The  gas  may  be  readily  recognized  by  its  odour,  or  action  upon 
red  litmus  paper.  ^ 

_ Nascent  hydrogen,  produced  by  the  action  of  KHo  upon  metallic 
zmc,  iron,  or  aluminium,  gives  rise,  in  the  presence  of  a nitrate,  to 
tne  tormation  of  ammonia,  thus: — 

(1)  Zn  + 2KHo  = ZnKoi  + 

(2)  NO3K0  + 4H2  = NH3  + KHo  + 20Ha. 

When  stannous  chloride,  hydrochloric  acid,  and  a nitrate  are 
heated  together,  the  tendency  of  the  stannous  chloride  to  combine 
with  two  rnore  atoms  of  chlorine  to  form  stannic  chloride,  aided  bv 
the  oxidizing  action  of  nitric  acid  upon  the  hydrogen,  breaks  up 
thus™^^°^'^^  formation  of  stannic  chloride  and  ammoni:J 

4SnCl2  + NO2K0  + lOHCl  = 4SnCh  + NHiCl  + KCi  + 3OH2. 

To  detect  /ree  nitric  acid  in  the  presence  of  a nitrate,  evaporate  the  solution 

thct^^^lf qmll  cuttings  or  white  wooUen  fabrics.  Nitric  acid  colom-s 

filter  o?iSrS^tf^^^  ^ solution  at  a gentle  heat  with  COBao", 

n ter  on  and  test  the  filtrate  for  barium  by  means  of  sulphuric  acid. 

QUESTIONS  AND  EXEECISES. 

1.  Explain  what  changes  take  place  when  nitrates  are  heated  by  themselves 

‘'““■’“O”  »f  “it™ 

‘.‘““ey P<“»,  "'ll™  « «olution  of  potaoeio  mtrite,  potoic 
odide,  staich,  and  dilute  acetic  acid  are  mixed  together  ^ 

6. '  How  would  yortc^t  t?Sate°“  " ‘ 

waters.?  ^ ^ mtiates  in  a soil,  in  sewage  water,  in  mineral 

7.  How  is  free  nitric  acid  detected  in  the  presence  of  a nitrate .? 


mar^e^WW^  ACID,  NOHo.— Both  the  acid  and  anhydride  are 

of  watm  Lto  nhri  * i decomposition  in  the  presence 

oi  watei,  into  nitric  acid  and  nitric  oxide. 

REACTIONS  IN  THE  DRY  WAY. 

evoluti"n^of  n^brn^'^  decomposed  on  ignition  into  oxides,  with 
Wks  up  thef  lf^^  ^“^“^onic  nitrite  (NOAmo) 

carbon  potassio  nitrogen  and  water.  Mixed  with 

nitrites  deflapr-if/^  Uh  ^“^d  other  oxidizable  bodies, 

■ot  the  chy  reS'tion,  ■ 


I 
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REACTIONS  IN  THE  WET  WAY. 

All  nitrites  are  soluble  in  water ; argentic  nitrite,  N 0 AgOr 
although  readily  soluble  in  hot  water,  is  difficultly  soluble  in  cold 
water  (300  parts),  and  serves  for  the  preparation  of  pure  nitrites, 
by  double  decomposition  with  neutral  soluble  chlorides.  Dilute 
acids  liberate  N2O2  and  convert  a portion  of  the  nitrite  into  nitrate, 
thus : — 


3NOKo  + SO2H02  = N2O2  + NOoKo  + SO2K02  + OH2. 

The  reactions  by  which  the  presence  of  nitrous  acid  can  be 
readily  recognized , may  be  divided  into  two  classes : — 

1st.  Reactions  in  vjldch  the  acid  acts  as  an  oxidizing  agent : — 

SH2  cla:;oinpo8os  aqueous  solutions  of  alkaline  nitrites,  with  formation  of 
N2O0  (of  NII3  when  tlie  reaction  goes  on  for  some  time)  and  alkaline  sulphides, 
thus  : — 

2NOKo  + 2SH2  = N2O2  + 2OH2  + SoKo. 

In  acid  solutions  the  decomposition  is  accompanied  by  a copious  separation 
of  sulphur. 

FeClo,  on  the  addition  of  a little  hydrochloric  acid,  is  turned  dark  brown,  if 
a nitrite  bo  present,  owing  to  the  absorption  of  N2O0  gas  by  a portion  of  the 
unoxidizcd  ferrous  salt.  On  the  application  of  heat  NoOo  is  evolved,  thus  : — 

2FeCl2  + 4HC1  + 2NOKo  = FeoCl„  + 2K.C1  + N.Oo  + 20H2. 

N’0(Nll40)  breaks  up  on  the  application  of  heat,  into  N and  OII2,  the  hydro- 
gen of  the  NII4  acting  as  the  reducing  agent.  Nitrites  containing  fixed  bases  are 
decomposed  in  like  manner,  on  the  addition  of  animonic  cliloride  (or  some  other 
ammonic  salt),  thus  : — 

COAni02  + 2NOKo  = N4  4OH2  COKoo. 

K1  and  starch  solution  give  in  the  presence  of  a nitrite  and  a dilute  acid  blue 
iodide  of  starcli.  (See  under  HI,  jd.  125.) 

When  a dilute  solution  of  a nitilto — say  a polluted  well-water — is  added  to  a 
cold  saturated  solution  of  sulphate  of  diamidobenzoic  acid  and  the  nitrous  acid 
liberated  with  a few  drops  of  dilute  acid  (SO2H02),  the  solution  acquires  an 
intense  yellotu  colour.  As  little  as  ^ mgr.  of  N2O3  diffused  in  one  litre  of  water 
can  thus  readily  be  discovered. 

2nd.  Reactions  in  which  the  acid  acts  as  a reducing  agent,  and  is 
converted  into  nitric  acid,  thus  : — 

2NOH0  -F  O2  = 2NO2H0, 

AuCls  and  Hg'2Cl2  give  metallic  gold  and  grey  metallic  mercury. 

f Mn02(OKo)  Qxjj^jges  nitrites  into  nitrates  in  the  presence  of  a mineral 

LMn02(OKo) 

acid  (SOoHoo,  HCl  and  the  jjermanganate  solution  is  rapidly  decolorized. 

CroOsKoo*  is  reduced  under  similar  conditions  to  a chromic  salt.  Nitrates 
are  not  affected  by  potassic  permanganate  or  alkaline  chromates. 

Pb02  converts  NOHo  into  NO2II0 ; but  does  not  act  upon  dilute  NO2H0 
(distinction  between  niteous  and  niteic  acid). 

QUESTIONS  AND  EXEECISES. 

1.  Explain  the  changes  which  take  place  when  N2O4  is  acted  upon  by  Kilo. 

2!  What  is  the  action  of  dilute  sulphuric  acid  upon  NOKo  ? 

3 What  are  the  products  of  decomposition  of  strongly  ignited  N.204Pbo  ,■ 
N0(NH40),  andNOKo? 
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4.  How  can  a trace  of  a nitrite  be  detected  in  the  presence  of  a nitrate? 

5.  Explain  the  action  of  heat  upon  a solution  of  ^QCao"  and  AmCl. 


HYDROCHLORIC  ACID,  HCl. — Gaseous  hydrocliloric  acid 
is  readily  absorbed  by  water,  and  forms  then  one  of  tbe  most  useful 
acids.  Chlorides  are  among  the  most  important  chemical  compounds. 
They  differ  considerably  in  their  physical  properties. 

REACTIONS  IN  THE  DRY  WAY. 

Some  chlorides  are  liquid  and  can  be  distilled  without  decom- 
position, such  as  S11CI4,  SbCls ; SbCls  is  a soft  grey  crystalline 
fusible  solid  which  distils  at  225°  0. ; others  are  solid,  fusible  and 
non-Yolatile  at  a moderate  heat,  such  as  AgCl,  PbCl2,  BaCla,  KCl, 
NaCl.  Upon  ig-nition  certain  chlorides,  such  as  A11CI3,  PtCl4,  are 
decomposed  with  evolution  of  chlorine  gas,  first  into  AuCl,  and 
PtCL,  which  are  almost  insoluble  in  water,  and  finally  into  An  and 
Pf.  Magnesic  chloride  is  decomposed  by  heat,  in  the  presence  of 
water,  into  magnesic  oxy-chloride,  Mg20Cl2,  with  elimination  of 
2HC1.  Anhydrous  ferric  chloride,  when  heated  in  contact  with 
air,  is  decomposed  into  PBoOs  and  3CI2. 

Heated  in  a bead  of  microcosmic  salt,  saturated  with  cupric 
oxide,  chlorides  impart  a blue  colour  to  the  outer  flame,  owing  to 
the  formation  of  volatile  CuCh. 

When  a dry  chloride  is  mixed  with  dipotassic  dichromate  and 
concentrated  sulphuric  acid,  and  gently  heated  in  a small  retort,  a 
deep  brownish-red  gas,  called  chlorocliromlc  acid,  Cr02Cl2,  comes  off, 
which  condenses  to  a like-coloured  liquid,  and  can  be  collected  in  a 
receiver.  The  reaction  which  takes  place  is  expressed  by  the 
equation : — 

4NaCl  + Cr20oKo2  + 3SO2H0,  = 2Cr02Cl2  + 2S02Nao2. 

Chlorochromic  acid 
(Chromic  oxychloride) . 

-f  SO2K02  + 3OH2. 

This  liquid  is  speedily  decomposed,  on  dilution  with  water,  into 
chromic  and  hydrochloric  acids,  thus  : — 

CrOjCU  + 2OH2  = CrO.Ho2  + 2HC1 ; 

or  by  aqueous  ammonia  or  potassic  hydrate  into  the  corresponding 
salts.  ^ The  presence  of  chromic  acid,  and  indirectly  of  hydrochloric 
acid,  is  inferred  from  the  yellow  precipitate  which  a plumbic  salt 
produces  with  their  solutions.  This  reaction  is  employed  for  re- 
cognizing a chloride  in  the  presence  of  a bromide.  The  latter  yields 
bromine  when  treated  similarly,  and  a colourless  solution  of 
NHiBr. 

The  presence  of  an  iodide,  yielding  free  iodine,  would  give  rise 
to  the  formation  of  explosive  black  insoluble  iodide  of  nitrogen,  on 
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tlie  addition  of  NH3 ; the  reaction  can,  therefore,  only  be  performed 
after  the  previous  removal  of  the  iodide. 

REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  SODIC  CHLORIDE  is  employed. 

All  chlorides  may  be  divided  into  : — 

1st.  Chlorides  insoluble  in  water,  such  as  AgCl  and  Hg.,Cl2, 
which  are  quite  insoluble;  PbCh,  soluble  in  135  parts  of  cold  water, 
readily  soluble  in  boiling  water ; and  CUoCh,  almost  insoluble  in 
water  and  in  dilute  sulphuric  acid  ; soluble  in  ammonia,  HCl  and 
NaCl  solutions.  AuCl  and  PtCh  are  almost  insoluble  in  water. 

2nd.  Chlorides  which  are  soluble  in  loater,  comprising  all  other 
chlorides.  The  majority  of  the  chlorides  of  the  most  iiowerfully 
basilous  metals,  as  K,  Na,  Ba,  etc.,  are  less  soluble  in  aqueous 
HCl,  than  in  OH2. 

The  chlorides  of  the  less  basilous  metals  (with  the  exception  of 
Hg  and  Ag)  are  decomposed  by  water,  with  formation  of  free  acid 
and  metallic  oxides,  ex.  gr.  AsCls,  or  of  some  insoluble  oxychlox’ide 
(SbCh,  Bids),  soluble,  however,  in  excess  of  HCl. 

N02Ago  gives  awhite  c«?'tZy  precipitate  of  argentic  cliloriile,  AgCl, 
especially  from  a solution  acidulated  with  dilute  nitric  acid.  The 
precipitate  turns  violet  on  expo.surc  to  light.  It  is  insoluble  in 
dilute  nitric  acid;  soluble  in  amnionic  hydrate,  but  is  reprecipitated 
unchanged,  on  the  addition  of  nitric  acid  ; it  is  likewise  soluble  in 
potassic  cyanide  and  sodic  hyposulphite  ; soluble  to  a considerable 
extent  in  alkaline  chlorides,  from  which  AgCl  is  reprecipitated  on 
dilution.  Argentic  chloride  fuses  without  undergoing  decomposi- 
tion, to  a horn-like  mass,  called  hornsilver,  when  gently  heated. 

Chlorides  are  detected  also  by  heating  with  a little  black  man- 
ganic oxide  and  concentrated  sulphuric  acid,  when  chlorine  is 
evolved  according  to  the  equation  : — 

Mn02  + 2NaCl  -f-  2SO2H02  = CI2  -h  S02Mno"  -|-  S02Hao2 

+ 2OH2. 

This  gas  is  readily  recognized  by  its  characteristic  odour  and 
bleaching  properties,  its  yellowish-green  colour,  and  its  action  upon 
iodized  starch  paper,  or  upon  a dilute  solution  of  jDotassic  iodide  and 
freshly  'prepared  starch  solution,  giving  rise  to  the  formation  of  blue 
■iodide  of  starch. 

Concentrated  sulphuric  acid  liberates  gaseous  hydrochloric  acid 
from  chlorides,  thus  : — 

2NaCl  -1-  SO2H02  = S02Hao2  + 2HC1. 

HgCl2,  Hg2Cl2,  AgCl,  PbClj,  SnCl2,  and  SnCh,  are  decom- 
posed, with  difficulty  only,  or  not  at  all,  by  concenti’ated  sulphuric 
acid. 

In  order  to  effect  the  decomposition  of  insoluble  chlorides,  such 
as  Ao-Cl,  Hg2Cl2,  and  PbCb,  they  are  mixed  with  fusion  mixture, 
perfectly  free  from  alkaline  chlorides,  and  heated  in  a porcelain 
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crucible.  The  chlorine  is  thereby  transferred  to  the  alkali  metals, 
and  may  be  readily  detected  by  means  of  argentic  nitrate  in  the 
aqueous  extract,  after  acidulating  with  dilute  nitric  acid.  The 
same  may  be  effected  also  by  galvanic  action,  by  bringing  tbe  solid 
chlorides  into  contact  with  metallic  zinc,  when  soluble  ZnClj  is 
formed. 

Traces  oifre»  HCl,  in  the  presence  of  a soluble  chloride,  are  best  detected 
by  gently  heating  with  Mn02  or  PbOj,  and  passing  the  evolved  chlorine  into  a 
solution  of  potassic  iodide  and  starch.  The  clilorine  liberates  iodine  (2KI  + 
CL  = 2KC1  + I2),  which  forms  with  the  stai'ch  blue  iodide  of  starch. 

QUESTIONS  AND  EXERCISES. 

1.  How  are  the  several  solid  chlorides  acted  upon  by  heat? 

2.  How  is  chlorochi’omic  acid  prepared  ? 

3.  Classify  all  clilorides  according  to  their  solubihty  in  water. 

4.  Describe  the  most  characteristic  tests  for  chlorine,  as  well  as  for  liydrochloric 

acid  or  chlorides. 

5.  How  would  you  detect  free  HCl  in  the  presence  of  a metallic  chloride  ? 

6.  A'ou  have  given  to  you  100  c.c.  of  a liquid  containing  free  HCl  and  a solu- 

tion of  sodic  chloride.  50  c.c.  of  the  liquid  gave  2’345  grms.  of  AgCl. 
After  evaporation  and  ignition  of  the  other  50  c.c.  the  residue  yielded  on 
precipitation  with  argentic  nitrate  1‘596  grm.  of  AgCl.  What  is  the  per- 
centage of  HCl  and  of  sodic  chloride  in  the  liquid  ? 


CHLORIC  ACID,  | q^q- — Obtained  in  combination  with 

calcium;  by  passing  chlorine  through  a solution  of  calcic  hydrate 
and  potassic  carbonate  to  complete  saturation.  To  a concenti’ated 
solution  of  the  calcic  chlorate,  formed  according  to  the  equation  : — 

roci 

6CaHos  -f  6CI2  = l^Cao"  + 5CaCL  -f  6OH2, 

(oci 

add  a solution  of  potassic  chloride,  when  calcic  chloride  and  potassic 

chlorate,  qkV  formed  by  double  decomposition.  Potassic 

chlorate,  being  little  soluble  in  cold  water,  and  still  less  so  in  a 
solution  of  calcic  chloride,  crystallizes  out,  and  is  washed  with  cold 
water  and  purified  by  recrystallization. 

REACTIONS  IN  THE  DRY  WAY. 

All  chlorates  are  decomposed  by  heat;  they  fuse  and  evolve 
oxygen,  or  a mixture  of  chlorine  and  oxygen,  according  to  the 
greater  or  less  affinity  of  the  metal  for  oxygen  or  chlorine,  leaving 
a residue,  consisting  of  a metallic  chloride,  oxychloride,  or  oxide. 

On  heating  a few  crystals  of  potassic  chloride  in  a test-tube,  the 
presence  of  oxygen  can  be  shown  by  introducing  a glowing  splinter 
of  wood  into  the  test-tube.  On  dissolving  the  fused  mass  in  water, 
and  adding  a drop  of  argentic  nitrate,  a white  curdy  precipitate  is 
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obtained,  -whilst  a solution  of  a pure  chlorate  (unignited)  gives  no 
precipitate. 

Chlorates  part  with  their  oxygen  far  more  readily,  upon  ignition, 
than  nitrates.  When  mixed  with  oxidizable  substances,  such  as  C, 
S,  P,  or  KCy,  they  explode  violently,  even  when  gently  rubbed 
together  in  a mortar,  or  when  moistened  with  a drop  of  concen- 
trated sulphuric  acid.  Care  should,  therefore,  be-  taken  not  to 
powder,  or  heat  together,  a chlorate  with  organic  substances. 


REACTIONS  IN  THE  WET  WAY. 


A SOLUTION  OP  POTASSIC  CHLORATE  may  be  employed. 

All  chlorates  are  soluble  in  ivater.  Strong  hydrochloric  and  sul- 
phuric acids  decompose  chlorates,  with  evolution  of  chlorine  and 
formation  of  lower  oxides  of  chlorine. 

Concentrated  sulphuric  acid  decomposes  potassic  chlorate  even 
in  tlie  cold,  a greenisli-yellow  gas,  called  chloric  peroxide,  O4CI2, 
comes  oiF,  which  is  recognized  by  its  suffocating  odour.  On  the 
ajiplication  of  heat  (especially  on  operating  with  somewhat  large 
quantities)  violent  explosions  occur.  A few  small  crystals  only  of 
the  chlorate  should,  therefore,  be  employed,  and  the  test-tube  should 
be  held  with  its  mouth  turned  away  from  the  operator.  The  change 
may  be  expressed  by  the  equation : — 

roci  roci 

+ 2SO2H02  = 2SO2H0K0  + <^  O +<02  + OH2. 

[ OKo  t OCl 

Potiissio  Cliloric 
porcliloratc.  peroxide. 

HCl,  especially  when  heated,  decomposes  potassic  chlorate, 
giving  off  a mixture  of  chloric  peroxide  and  free  chlorine,  called 
euchlorine,  thus : — 

sj  + 24HC1  = 3/ + 9CI2  + 8KC1  + I2OH2. 

I OKo  loci 


OCl 

OKo 


A solution  of  indigo  (sulphindigotic  acid)  is  decolorized  on  the 
addition  of  a solution  of  a chlorate  and  a little  sulphuric  acid,  by  a 
reaction  analogous  to  that  produced  by  free  nitric  acid. 

Perchlorates  are  more  stable  than  chlorates.  Concentrated  sul- 
phuric acid  fails  to  decompose  perchloric  acid  in  the  cold  and  with 
difficulty  only  on  heating.  (Distinction  from  chloric  acid.)  Hydro- 
chloric, nitric,  and  sulphurous  acids  do  not  decompose  aqueous 
solutions  of  perchlorates,  nor  is  indigo  solution  decolorized.  All 
perchlorates  are  soluble  in  water,  most  of  them  freely.  Potassic 
perchlorate  is  sparingly  soluble  in  water,  insoluble  in  alcohol. 

In  order  to  distinguish  a nitrate  from  a chlorate,  dissolve  n small  portion 
of  the  two  salts  in  water,  and  add  a few  drops  of  argentie  nitrate  to  make  sure 
that  no  chloride  is  present.  Ignite  another  portion  strongly  till  the  evolution  of 
oxygen  ceases  ; allow  to  cool,  and  dissolve  out  with  hot  water.  To  one  portion  of 
the  solution  add  a few  drops  of  dilute  nitric  acid,  and  then  argentic  nitrate.  A 
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white  ciu'dy  precipitate  indicates  the  presence  of  a chloride,  and,  indii’ectly,  of  a 
chlorate.  To  the  other  portion  of  the  solution  add  potassic  iodide  and  starch 
solution,  and  then  a few  drops  cf  acetic  acid ; a blue  coloration  of  iodide  of  starch 
proves  the  presence  of  a nitrite,  derived  from  the  potassic  nitrate. 

If  a chloride  be  present,  as  well  as  a chlorate  and  nitrate,  a solution  of  argentic 
sulphate  must  be  added  to  the  solution,  as  long  as  a precipitate  comes  down.  The 
AgCl  is  filtered  off,  and  the  filtrate  evaporated  to  dryness,  with  the  addition  of  a 
little  pure  sodic  carbonate,  and  the  residue  strongly  i^ited.  The  dry  mass  is 
extracted  with  a little  boiling  water,  filtered,  and  argentic  nitrate  added  to  a por- 
tion of  the  acidulated  (NO.2H0)  solution,  as  long  as  a precipitate  comes  down. 
The  remaining  portion  is  tested  for  nitric  acid,  either  by  the  iodide  of  starch 
reaction,  or  by  means  of  a ferrous  salt  and  sulpbrnne  acid. 

QUESTIONS  AND  BXEECISES. 

1.  State  briefly  how  potassic  chlorate  is  prepared. 

2.  Describe  the  changes  which  potassic  chlorate  undergoes  on  ignition. 

5.  Explain  the  action — 1st,  of  concentrated  sulphuric  acid  ; 2nd,  of  concentrated 
hydrochloric  acid  upon  potassic  chlorate.  Give  equations. 

4.  How  can  a chlorate  be  detected  in  the  presence  of  a chloride  ? 

5.  How  can  a nitrate  and  a chloride  be  recognized  in  the  presence  of  a chlorate  ? 


HYPO  CHLOROUS  ACID,  ClHo.— The  salts  which  this 
acid  forms  possess  considerable  interest,  on  account  of  the  powerful 
bleaching  action  which  they  exert  in  the  presence  of  acids.  Of  im- 
portance are  the  sodic  and  calcic  hypochlorites,  which  are  obtained 
along  with  the  corresponding  chlorides,*  by  passing  chlorine  in  the 
£old  through  a solution  of  the  carbonates  or  hydrates.  An  im- 
portant compound  closely  related  to  the  hypochlorites  is  the  calcic 
chlorohypochlorite  (a  constituent  of  chloride  of  lime  or  bleaching 
powderf),  which  appears  to  be  formed  according  to  the  equation : — 

CaHoj  + CI2  = Ca(OCl)Cl  -h  OH^. 

Hypochlorites  are  gradually  decomposed  on  exposure  to  air 
(owing  probably  to  the  action  of  the  carbonic  anhydride  contained 
in  air).  Dilute  acids  liberate  chlorine,  and  it  is  on  this  account 
that  hypochlorites  are  of  such  great  value  as  disinfectants  and 
bleaching  agents. 

REACTIONS  IN  THE  DRY  WAY. 

Hypochlorites  are  converted  into  chlorates  (which  give  off 
■oxygen  when  ignited),  and  chlorides,  thus: — 

roci 

6Ca(001)Cl  = I QCao"  -t-  SCaCb. 

|oci 

* tb®  of  the  nionad  metals  the  body  E'oOCh  is  a mere  mixture  of  ClEo 

and  RCl,  whilst  the  calcic  compound  seems  to  be  a definite  compound  of  CLCao" 
and  CaClo  = 2Ca(OCl)Cl. 

t The  actu^  composition  of  this  important  body  is  usually  expressed  by  the 
formula : Ca(0Cl)Cl,Ca0,20H2,  requiring  32'42  p.  c.  of  cldorine,  more  accu- 
rately, however,  by  that  of  Ca(OCl)Cl,CaHoo,  which  requires  35*32  p.  c.  of 
.chlorine. 
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REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  CALCIC  OR  SODIC  HYPOCHLORITE,  ClNao,  may  bC' 
used.  •’ 

All,  hypochlorites  are  soluble  in  water.  Tlieiv  aqueous  solutions 
bleach  vegetable  colours.  On  heating  or  evaporating  dilute  solu- 
tions of  hypochlorites,  they  are  decomposed  into  chlorides  and 
chlorates,  concentrated  solutions  into  chlorides  and  oxygen.  Dilute 
hydiochloric  acid  decomposes  them  with  evolution  of  chlorine. 
(Distinction  between  hypochlorites  and  chlorates.)  Hypochlo- 
rites yield  oxygen  to  readily  oxidizable  substances,  and  become 
converted  into  chlorides ; the  detection  of  hypochlorous  acid  is 
based  upon  the  various  processes  of  oxidation  to  which  its  salts  can 
give  rise,  thus : — 


ASjOs  is  oxidized  to 

ASaOj. 

MnClo 

>) 

MnOa. 

PbO 

>> 

PbO... 

PbS 

SO^Pbo 

COHo 

COHo 

2COo  -f 

Indigo  or  litmus  is  readiljr  decolorized. 

QUESTIONS  AND  EXERCISES. 

1.  Giro  tlio  grapliic  formula  for  calcic  clilorohypoclilorito. 

2.  Give  illustrations  of  the  oxidizing  action  of  liyjjocbloritos.  Exjn’css  the 

changes  by  equations. 

3.  How  is  AfeacAfwy  jpoii'rfer  ])rcpared  ? 

4.  What  change  takes  ])lacc — 1st,  when  a hypochlorite  is  ignited  by  itself ; 

2ndly,  when  a concentrated  solution  of  a hypochlorite  is  boiled  ? 

5.  How  can  a hypochlorite  bo  distinguished  in  the  presence  of  a chloride  ? 


H YDROBROMIC  ACID,  HBr. — The  element  bromine  occurs 
in  nature  mainly  in  combination  with  the  fixed  alkalies  and  the 
metals  of  the  alkaline  earths  (calcium,  magnesium),  forming  salts, 
called  bromides,  which  resemble  the  chlorides  of  the  same  metals 
very  closely,  and  from  which  we  derive  both  bromine  and  hydro- 
bromic  acid. 

REACTIONS  IN  THE  DRY  WAY. 

Most  bromides  remain  unaltered  when  ignited  ; others  are  vola- 
tilized without  decomposition.  AuBra  and  PfcBr4  arc  decomposed 
upon  ignition  into  metal  and  bromine,  which  latter  volatilizes.  Many 
bromides  are  acted  upon  when  ignited  with  free  access  of  air,  and 
are  converted  into  oxides  and  free  bromine ; others  again,  such  as 
Al^re,  etc.,  are  decomposed,  on  evaporation  of  their  aqueous  solu- 
tions, into  oxides  and  hydrobromic  acid.  KBr  and  NaBr  are  con- 
verted, to  a great  extent,  into  KCl  and  NaCl,  on  repeated  ignition 
with  ammonic  chloride.  When  fused  with  hydric  jjotassic  .sulphate, 
bromides  are  decomposed  into  sulphates,  with  evolution  of  sul- 
phurous anhydride  and  bromine.  The  few  insoluble  bromides  of 
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the  heavy  metals  are  converted  into  soluble  alkaline  bromides  by 
fusion  with  alkaline  carbonates. 

Heated  before  the  inner  flame  of  the  blowpipe  on  a bead  of  microcosmic  salt, 
in  which  a little  cupric  oxide  has  been  diffused,  bromides  impart  a blue  colour  to 
the  flame,  which  passes  into  green,  especially  at  the  edges.  This  distinction 
between  chlorides  and  bromides  is,  however,  not  very  marked. 

REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OP  POTASSIC  BROMIDE,  KBr,  may  be  employed. 

All  metallic  bromides  can  be  divided  into  ; — 

1st.  Bromides  ivhich  are  insohible  in  water,  such  as  AgBr, 
'Hg'  oBr2,PbBr2  (less  soluble  in  water  than  PbOb),  and — 

2nd.  Bromides  which  are  soluble  in  water,  comprising  all  other 
bromides. 

Certain  bromides,  e.g.,  SbBrj,  BiBra,  are  decompo.sed  by  water 
into  insoluble  oxybromides  and  hydrobromic  acid.  They  resemble 
in  this  respect  the  corresponding  chlorides. 

In  order  to  detect  hydrobromic  acid  or  a soluble  bromide,  add  a 
solution  of  an  argentic  (mercurous  or  plumbic)  salt  to  the  solution, 
when  a yelhivish-white  precipitate  of  argentic  lirnmidc,  AgBr,  is 
formed,  which  is  insoluble  in  dilute  nitric  acid,  somewhat  soluble  in 
concentrated  ammonic  hydrate,  readily  soluble  in  potassic  cyanide  or 
sodic  hyposulphite.  By  decanting  the  supernatant  liquid,  washing 
with  a little  water,  and  treating  the  precipitated  argentic  bromide 
with  strong  hydrochloric  acid,  reddish-brown  fumes  of  bromine  are 
evolved  which  colour  starch  paste  yellowish.  (Distinction  between 
AgBr  AND  AgCl.) 

Insoluble  bromides,  such  as  AgBr,  HgaBr^,  PbBrj,  are  best 
decomposed  by  heating  in  an  ignition-tnbe  with  alkaline  carbonates 
(free  from  chlorides).  The  aqueous  extract  is  tested  for  hydro- 
bromic acid,  and  the  insoluble  residue  for  silver  or  lead.  Hg2Br2 
gives  a sublimate  of  metallic  mercury. 

In  the  absence  of  any  well-marked  distinguishing  features  in  the 
argentic  bromide  precipitate,  it  is  preferable  to  liberate  bromine 
from  soluble  bromides,  and  to  cause  the  reddish-brown  vapour  to  act 
upon  starch  paste  with  formation  of  yellowish  bromide  of  starch. 

Nitrous  acid  (or  a nitrite  and  dilute  sulphuric  acid)  does  not 
liberate  any  bromine  from  pure  soluble  bromides.  (Distinction 
between  bromides  and  iodides.)  All  bromides  are,  however,  de- 
composed by  chlorine,  with  evolution  of  bromine,  which  remains 
dissolved  in  the  aqueous  solution.  On  shaking  with  a little  ether, 
the  bromine  is  taken  up  by  the  ether,  forming  a yellowish-red 
liquid,  which  floats  on  the  top  of  the  saline  aqueous  solution.  This 
ethereal  liquid  may  be  removed  by  means  of  a small  pipette,  and 
on  being  treated  with  potassic  hydrate  is  converted,  on  evaporation, 
into  potassic  bromide  and  potassic  bromate,  thus  : — 

3Br2  -t-  6KHo  = 5KBr  -h  | + 3OH2. 

Bromine  is  obtained  from  natural  bromides,  such  as  potassic. 
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maguesic,  and  calcic  bromides,  by  reactions  analogous  to  those 
employed  for  the  preparation  of  chlorine  from  common  salt  (page 
f 16)  ; for  instance,  on  distilling  with  manganic  oxide  and  concen- 
trated sulphuric  acid,  thus  : — 

2KBr  -h  M11O2  + 2SO2H0,  = Bro  -h  SO2K02  + SOoMno"  + 20Ho, 

or  by  distilliug  a bromide  with  dipotassic  dichromate  and  sulphuric 
acid,  thus : — 


6KBr  + Ci^OfiKoo  + 7SO2H02  = SBvo.  + S^OoCroO^*  + 4SO2K02 

+ 7OH2. 

A mixture  of  a bromide  and 
manganic  oxide,  or  dipotassic 
dichromate  is  introduced  into  a 
tubulated  retort  (Fig.  15),  with 
concentrated  suljahuric  acid, 
diluted  with  its  own  weight  of 
water,  and  gently  heated  over  a 
gas  flame.  The  reddish-brown 
vapour  of  bromine  passes  over, 
and  condenses  in  a flask  (which 
should  be  kept  cold  by  a stream 
of  water,  or  better  still,  in  a 
vessel  surrounded  with  ice  (to  a 
reddish-brown  heavy  liquid). 

],,Q  J5  Concentrated  sulphm’ic  acid 

alone  evolves  hydrobromic  acid, 
together  with  bromine  and  sulphurous  anhydride,  thus: — 


4KBr  + 3SO2H02  = Bi-2  + 2HBr  -b  2SO,Ko2  + 2OH2  + SO2. 


Concentrated  nitric  acid  evolves  bromine,  together  with  nitrous 
fumes,  thus  : — 

2KBr  + 4.NO2H0  = Bi-2  -|-  2NO2K0  + N2O4  + 2OH2. 

In  the  last  two  reactions  the  sulphuric  and  nitric  acids  act  as 
oxidizing  agents,  performing  in  fact  the  functions  of  the  manganic 
oxide  and  dipotassic  diohromate  in  the  former  reactions. 

It  is  obvious  tliat  the  hydrogen  may  also  be  removed  from  liydrobromic  acid 
(or  the  metal  from  a metallic  bromide)  by  other  oxidizing  agents,  such  as  per- 
manganates and  metallic  peroxides,  in  the  presence  of  an  acid. 

Bromine  is  a heavy  reddish-brown  liquid,  of  disagreeable  odour, 
resembling  the  odour  of  chlorine.  It  boils  at  63°  C.,  and  volatilizes 
at  the  ordinary  temperature.  Bromine  vapour  bleaches  vegetable 
colours  like  chlorine  gas.  It  is  difiicultly  soluble  in  water,  some- 
what more  soluble  in  alcohol,  and  readily  soluble  iu  ether  to  a 
yellowish-red  liquid. 

Bromine  (like  chlorine)  is  an  oxidizing  agent,  i.e.,  it  is  eager  to 
combine  with  hydrogen,  and  is  capable  of  decomposing  water, 
sulphuretted  hydrogen,  etc.,  under  favourable  circumstances  (e.g., 
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>snnliglit),  Tvith.  liberation  of  oxygen,  snlpbnr,  etc.  We  avail  our- 
selves of  this  tendency  to  prepare  hydrobromic  acid,  which  cannot 
be  obtained  pure  by  distilling  a bromide  with  sulphuric  acid.  By 
passing  sulphuretted  hydrogen  through  bromine  suspended  in 
water,  a colourless  solution  of  hydrobromic  acid  is  obtained,  and 
sulphur  separates,  thus : — 

Br,.  + SHa  = 2HBr  -h  S. 

This  solution  always  contains  some  sulphuric  acid,  owing  to  a 
secondary  reaction  of  the  bromine  upon  water,  in  the  presence  of 
nascent  sulphur : — 

3Br2  + 40Ho  -t-  S = 6HBr  + SO2H02, 

from  which  the  hydrobromic  acid  is  separated  by  distillation. 

It  will  be  inferred  from  this  that  the  decomposition  of  water  by 
bromine  would  be  assisted  very  much  by  the  presence  of  deoxidizing 
bodies,  such  as  phosphorus,  metallic  hypojDhosphites,  sulphites, 
hyposulphites. 

Hydrobromic  acid  can  likewise  be  prepared  by  distilling  an 
alkaline  bromide  with  phosphoric  acid. 

In  order  to  distinguish,  a bromide  in  the  presence  of  n.  chloride,  argentic  nitrate 
is  added  gradually  and  with  continuous  agitation  to  the  solution,  acidulated  with 
a little  dilute  nitric  acid.  AgBr  is  precipitated  first,  and  by  filtering  o|P,  as  soon 
as  the  precipitate  appears  white — an  indication  that  the  whole  of  the  bromide 
has  been  precipitated,  and  that  AgCl  begins  to  fall  out — the  two  acids  may  be 
roughly  separated. 

In  hke  manner  it  is  sometimes  useful  to  separate,  or  practically  to  concen- 
trate, small  quantities  of  bromides  and  also  iodides,  for  in  a mixed  solution  of 
chlorides,  bromides  and  iodides,  the  iodine  falls  out  first  as  yellow  Agl,  the 
bromine  next  as  yellowish-white  AgBr,  and  the  chlorine  last,  as  white  AgCl. 
With  care  and  patience,  a fail’  approximate  fi’actional  separation  may  be 
effected. 

It  is,  however,  preferable  to  employ  the  reaction  described  at  page  115,  viz., 
of  distilling  a mixture  of  a dry  chloride  and  bromide  with  dipotassic  dichromate 
and  concentrated  sulphuric  acid,  and  of  obtaining  chlorochromic  acid  and  bro- 
mine, the  former  being  decomposed  by  water  into  Cr02Ho2  and  HCl.  The 
bromine  remaining  unchanged,  can  be  removed  by  ether.  On  adding  AmHo 
to  the  bromine  solution,  a colourless  liquid  containing  ammonic  bromide  and 
bromate  is  obtained. 


QUESTIONS  AND  EXERCISES. 

1.  Describe  a method  by  which  bromine  can  be  obtained  from  a soluble  bro- 

mide. 

2.  Classify  all  bromides  according  to  their  solubility  in  water. 

3.  Describe  the  most  characteristic  tests  for  bromine,  and  for  HBr. 

4.  Explain  the  action  of  chlorine,  dilute  HCl,  concentrated  SOoHoo,  concen- 

trated NO2H0,  and  of  POHoj),  upon  potassic  bromide. 

5.  How  is  HBr  distinguished  from  HCl  ? 

6.  What  takes  place  when  bromine,  phosphorus,  and  water  are  brought  toge- 

ther ? 

7.  Explain  the  action  of  SHj,  SONao2,  <^nd  SSONa02  upon  bromine  suspended 

in  water. 

8.  Give  the  atomic  and  volume  weights  of  bromine  and  of  hydrobromic  acid. 
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RRtCfllC  ACIH, Obtained  in  combination  with  potassium  by 

adding  bromine  to  a moderately  concentrated  solution  of  potassic  hydrate. 
Potassic  bromate  crystallizes  out  from  the  slightly  yellowish  coloured  liquid,  and 
is  purified  from  potassic  bromide  by  washing  with  water  and  recrystallization.  The 
reaction  takes  place  according  to  the  equation : — 

3Br2  + 6KII0  = 5KBr  + | + 30II2. 


The  free  acid  is  obtained  by  decomposing  baric  bromate  with  dilute  sulphxiric 
acid. 


KE.VCTIONS  IN  THE  DEI'  WAY. 


All  bromates  are  decomposed  by  heat.  Some,  e.g.,  the  alkahne  bromates, 
fuse  and  evolve  oxygon,  leaving  a bromine  ; others,  such  as  zincic  and  magnesic 
bromates,  leave  an  oxide  and  give  oft'  oxygon  and  bromine  ; others,  again,  leave  an 
oxide  and  a bromide,  e.g.,  plumbic  and  cupric  bromates.  When  mixed  with 
readily  oxidizable  substances,  such  ns  carbon,  sulphur,  etc.,  bromates  deflagrate. 


EEACTIONS  IN  THE  WET  WAY'. 

Employ  a soeution  of  i’otassic  bhomath, 

All  Lromatex  are  xoliihle  in  water.  Ai’gentic  and  mercurous  bromates  are 
diflicultly  soluble. 

Dilute  sulphuric,  nitric,  or  phosphoric  acid  liberates  bromic  acid  from  its 
salts,  which,  however,  exhibits  great  instability  and  breaks  up  into  bromine, 
oxygen,  and  water. 

Bromates  are  readily  broken  up  by  deoxidizing  substances,  such  as  sidphurous 
and  phosphorous  acids,  sulplmrottcd  hydrogen,  etc.,  witii  formation  of  sulphuric 
and  phosphoric  acids,  sulphur  and  water,  and  liberation  of  bromine.  A mixture 
of  potassic  bromide  and  bromate,  when  acted  upon  by  dilute  acids,  is  decomposed 
into  bromine  and  water,  thus  : — 


5KBr  + + ()UC1  = 3Br2  + 3OII2  + (5KC1. 

The  weak  aflinity  of  bromine  for  oxygen  is,  moreover,  rendered  apparent  on 
boiling  bromine  with  such  i)owerful  oxidizing  agents  ns  niti’ic  acid,  potassic  chlo- 
mte  or  manganato,  which  are  without  action  upon  it. 

A bromate  in  the  presence  of  a chlorate  is  readily  distinguished  by  precipitation 

with  NOjAgo ; the  white  arpreiitlc  Itroinsttc,  | gives  off:  bromine  on 

being  treated  with  II Cl.  The  residue  which  bromates  and  chlorates  leave  on 
ignition  may  also  be  tested  by  any  of  the  methods  described  under  hydrochloric 
and  hydrobromic  acids. 


HYDRIODIC  ACID,  HI. — Occurs  in  nature  in  the  form  of 
soluble  iodides  (KI,  Nal,  MgL,  Calg),  in  sea  water,  in  the  ashes  of 
marine  plants,  in  some  mineral  springs,  from  which  bodies  iodine  is 
obtained,  by  processes  similar  to  those  employed  for  the  extraction 
of  bromine  from  bromides. 

REACTIONS  IN  THE  DRY  WAY. 

Most  iodides  undergo  decomposition  when  heated  by  themselves, 
either  with  or  without  exclusion  of  air.  Aulj  and  Ptl4  give  off 
iodine,  and  leave  the  metals ; others  are  partially  decomposed,  giving 
off  iodine,  and  leaving  an  oxide  of  the  metal.  The  alkaline  iodides, 
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however,  can  be  heated  to  fusion,  without  undergoing  any  decom- 
position. Ignition  with  ammonic  chloride  converts  iodides  only 
partially  into  chlorides.  On  fusing  cupric  oxide  in  a bead  of  micro- 
cosmic  salt,  and  introducing  a little  potassic  iodide  into  the  bead  and 
heating  in  the  inner  blowpipe  flame,  the  outer  flame  becomes  of  a 
fine  emerald-green  colour. 


REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  POTASSIC  IODIDE,  KI,  is  used. 

All  metallic  iodides  may  be  divided  into — 

1st.  Iodides  insoluble  i/n  water,  such  as  Agl,  Hg,J„  Hgl2,PbI^, 
CUjIj  (Bilj,  Aula,  Ptl4),  and  Pdlj,  and — 

2nd.  Iodides  soluble  in  water,  comprising  all  others.  The 
iodides  of  the  heavy  metals  are  less  soluble  than  the 
corresponding  bromides  or  chlorides. 

Soluble  iodides  may  be  examined  in  two  ways — 

1st.  By  ‘precipitation  or  conversion  of  the  soluble  into  insoluble 
iodides, 

NOaAgo  gives  a yellowish -white  precipitate  of  argentic  iodide, 
Agl,  insoluble  in  dilute  nitric  acid,  almost  entirely  insoluble  in 
ammonic  hydrate  (distinction  between  HI  and  HCl,  OR  HBr)  ; 
soluble  in  potassic  cyanide. 

N.204Hgao"  gives  <a  yellowish- green  precipitate  of  mercurous 
iodide,  Hg.Ij,  very  slightly  soluble  in  water,  insoluble  in  dilute 
nitric  acid,  soluble  in  potassic  iodide. 

H^Clj  gives  a beautiful  vermilion-red  precipitate  of  mercuric 
iodide,  HgL,  little  soluble  in  water,  soluble  in  alcohol,  and  soluble 
also  in  excess  either  of  mercuric  chloride  or  of  potassic  iodide. 

( { co')  aPbo"  gives  a bright  yellow  precipitate  of  iilumbic  iodide, 

Pblo,  soluble,  like  the  chloride,  in  hot  water  (120  parts),  from  which 
it  ci*ystallizes  out,  on  cooling,  in  beautiful  shining  yellow  scales  ; 
soluble  in  dilate  nitric  acid. 

SOaCu-iO"  (cuitruus  sulpiiate),  obtained  by  treating  SO^Cuo" 
with  SOH02,  produces  a dirty  white  precipitate  of  cuprous  iodide, 
Cudj  insoluble  in  water,  spai’ingly  soluble  in  HCl,  soluble  in  am- 
monic salts  and  free  NH3.  This  precipitate  is  of  particular  interest, 
becau.se  chlorides  and  bromides  cannot  be  precipitated  in  like  manner, 
and  because  it  serves  frequently  for  removing  iodides  from  dilute 
solutions  containing  chloi’ides  and  bromides. 

2nd.  By  liberating  iodine,  and  causing  the  iodine  vapour  to  act 
upon  starch  paste.  This  may  be  effected  in  several 
•ways. 

On  mixing  a dilute  solution  of  potassic  iodide  with  a few  drops 
of  hydrochloric  acid,  and  then  adding  a drop  or  two  of  a solution 
of  potassic  nitrite,  iodine  is  instantly  liberated,  and  maybe  detected 
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by  the  yellowish-brown  tint  it  imparts  to  the  solution,  or  better  still 
by  allowing  it  to  act  upon  freshly -f  repared  solution  of  starch,  to 
which  it  imparts  a fine  blue  colour,  owing  to  the  formation  of  iodide 
of  starch.  This  is  one  of  the  most  delicate  tests.  The  reaction 
serves  equally  well  for  the  detection  of  NOHo  (comp,  page  114),  or 
NOnHo,  after  reducing  to  NOHo  (see  page  112),  thus: — 

2KI  + 2NOKo  -h  4HC1  = L + 4KC1  + + 20B:^. 

A solution  containing  free  iodine  may  also  be  shaken  up  with  a 
few  drops  of  carbon  disulphide,  which  dissolves  the  iodine,  assuming 
a fine  violet  colour.  Ether  dissolves  iodine,  but  the  colour  which  is 
produced  resembles  ether  coloured  by  bromine. 

Nitric  acid  containing  a lower  oxide  of  nitrogen,  acts  like  a 
nitrite. 

Bromine  or  chlorine  (or  what  amounts  to  the  same,  ClNao  and 
HCl,  or  metallic  peroxides  or  perchlorides,  e.g.,  BaOo,  Pb02,  MnOo 
and  HCl,  or  Fe2Clo  and  HCl),  liberates  iodine  from  iodides.  Ac- 
cording to  the  quantity  of  iodide  employed,  iodine  separates  either 
as  a bluish-black  powder,  foiuning  a brown  liquid,  or  in  the  form 
of  deep  violet  fumes,  which  condense  to  beautiful  fern-leaf  shaped 
crystals. 

The  methods  adopted  for  the  extraction  of  iodine  from  metallic 
iodides  are  .all  based  upon  the  expulsion  of  iodine  by  oxygen  (or  its 
equivalent  of  chlorine  or  bromine).  Iodine  is  obtained  by  distilling 
an  iodide  with  an  oxidizing  agent  and  sulphuric  acid,  e.g.  : — 

2KI  + MnO..  -f  2SO.H02  = I2  -f  SO^Mno"  -|-  SOaKo^  -h 

2OH2,  or 

6KI  -1-  Cr206Ko2  -h  7SO2H02  = 3L.  + S30oCr20^‘  -f  4SO2K02  + 

7OH2. 

Concentrated  acids,  such  as  SO2H02,  or  NO2H0,  decompose 
iodides  with  separation  of  bluish-black  scales  of  iodine  and  evolu- 
tion of  SO2  or  lower  oxides  of  nitrogen,  thus  : — 

2KI  -h  2SO2H02  = I2  + SO2K02  + SO2  d-  2OH2. 

2KI  + 4.NO3H0  = I2  + 2NO2K0  -h  N2O4  + 2OH2. 

On  fusing  an  iodide  with  SO2H0K0,  iodine  is  likewise  liberated, 
thus : — 

2KI  -1-  4SO2H0K0  = 3SO2K02  -f-  SO2  “h  I2  d"  2OH2. 

On  examining  for  traces  of  iodine  by  aeting  upon  an  iodide  with  chlorine, 
excess  should  be  carefully  avoided,  as  the  iodine  is  oxidized  by  the  chlorine  to 
colourless  iodic  acid,  which  does  not  yield  the  blue  colour  of  iodide  of  starch,  or 
the  violet  colour  of  the  carbon  disulphide  solution.  The  blue  colour  of  iodide 
of  starch  is  destroyed  by  various  reducing  agents,  such  as  SO,,  SIT,,  AsoOj, 
SnClo,  and  S-gfik,  or  by  any  organic  reducing  body.  iUknlies  destroy  the 
colour,  dilute  acids  (even  acetic  acid)  restore  it  again.  On  heating  iodide  of 
starch  the  colour  disajjpears,  but  reappears  on  cooling. 

The  destruction  of  the  blue  colour  of  iodide  of  starch  by  various  reducing 
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agents  is  due  to  the  decomposition  of  water  by  the  iodine,  with  formation  of  HI, 
the  oxygen  being  transferred  to  the  reducing  agent,  thus  : — 

SOHoo  (a  dilute  solution)  + I2  + OHj  = SO0H02  + 2HI. 

SHj  '+13  = 2HI  + S. 

AsHos  + I2  + OH2  = 2HI  + AsOHo;,. 


Hydriodic  acid  is  usually  prepared  by  acting  upon  iodine  sus- 
pended in  water  (or  dissolved  in  hydriodic  acid),  with  a current  of 
SHj.  Sulphur  separ-ates  and  is  removed  by  filtration,  and  the 
solution  of  liydT’iodic  acid  concentrated  by  distillation.  Its  aqueous 
solution  absorbs  oxygen  from  the  air,  water  being  formed  and 
iodine  liberated,  which  dissolves  in  the  undecomposed  hydriodic 
acid,  and  imparts  a brown  colour  to  the  liquid. 

Insoluhle  iodides  may  be  fused  with  alkaline  carbonates,  or 
decomposed  galvanically  by  means  of  metallic  zinc.  The  aqueous 
extract  is  examined  for  iodine,  and  the  residue  for  the  metal. 

QUESTIONS  AND  EXERCISES. 

1.  How  would  you  extract  iodine  from  Mgrl2  ? Grive  several  methods,  and 

express  the  changes  by  equations. 

2.  Explain  the  action  of  heat  upon  solid  iodides. 

3.  Classify  all  iodides  according  to  their  solubility  in  water. 

4.  Explain  how  you  would  distinguish  HCl,  HBr,  and  HI,  when  occuiTing  in 

one  and  the  same  substance. 

5.  Explain  the  action  of  iodine  vapour  upon  starch. 

6.  Why  is  it  preferable  to  liberate  iodine  by  means  of  N2O3,  instead  of  by 

bromine  or  chlorine  ? 

7.  How  would  you  prepare  a solution  of  hydriodic  acid? 

8.  Explain  how  you  would  distinguisli  free  iodine  in  the  presence  of  an 

iodide. 

9.  Wliat  action  takes  place  when  a dilute  solution  of  SO2  acts  upon  iodine,  and 

how  can  iodine  be  made  the  measure  for  SOo  and  vice  versa  1 

10.  10  litres  of  a mineral  water  yield  T34  grm.  of  Agl ; how  much  iodine  is 

there  in  100,000  parts  of  the  water  ? 


lOUIC  ACIU,  — Potassic  iodate  is  obtained,  like  the  corresponding 

chlorate  and  bromate,  by  dissolving  iodine  in  potassic  hydrate.  The  iodate  crys- 
taUizes  out  first,  being  much  less  soluble  than  KI.  The  free  acid  can  be  prepared 
by  decomposing  baric  iodate  with  sulphuric  acid,  thus : — 

roi 

1°  Bao"  + SO0H02  = 2|  + SO.Bao". 

I 01 

Iodic  acid  is  also  obtained  by  the  action  of  strong  boiling  nitric  acid  upon 
locunc,  or  by  passing  chlorine  through  iodine  suspended  in  water. 

EEACTIOXa  IN  TIIE  DEY  WAT. 

• iodates  are  decomposed  upon  ignition,  some  breaking  up  into  an  iodide, 
with  evolution  of  oxygen  ; others  into  metallic  oxides,  iodine  and  oxygen  being 
expelled.  When  heated  with  charcoal  tliey  explode  less  violently  than  chlorates 
or  bromates. 
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EEACXIONS  IN  THE  WET  -WAT. 

A SOLUTION  OF  FOTASSIC  lODATE,  | is  Used.  I 

Alkaline  iodates  alone  are  soluble  in  water. 

BaClo  gives  a white  precipitate  of  baric  ioilatc,  nearly  insoluble  in  n ater 
and  difficultly  soluble  in  dilute  nitric  acid. 

NOoAgo  produces  a white  crystalline  ]3recipitate  of  argentic  ioolatc, 
sjiaringly  soluble  in  water  and  in  dilute  nitric  acid,  I’eadily  soluble  in  ainmonic 
hydrate  (distinction  feoh  HI).  On  the  addition  of  a redubing  agent,  e.g., 

SOHoo,  to  the  clear  aminoniacal  solution  of  argentic  iodate,  a precipitate  of  Agl 
is  obtained,  thus  : — 

"{  OAgo  ^ 3SOHo  = Agl  + 3SO0H02. 

Pol.assic  iodate  is  decomposed  by  SHo,  with  formation  of  potassic  iodide  and 
Bul])huric  acid,  and  precipitatioji  of  sulphur  ; by  SOHoo,  with  separation  of 
iodine,  which  (by  the  decomposition  of  water)  is  converted  into  hydriodic  acid. 

A mixture  of  an  iodate  and  iodide  is  decomposed  by  weak  acids  (e.g.,  acetic  ^ 

acid),  with  liberation  of  iodine.  Traces  of  an  iodate  in  potassic  iodide  can,  there-  ' 

fore,  be  detected  by  means  of  the  delicate  iodide  of  starch  reaction. 

Iodates  which  give  olf  iodine  when  they  come  in  contact  with  various  re- 
ducing agents,  e.//.,  SOo,  SSONuoo,  SnCU,  diffoi’,  however,  in  a marked  manner 
from  chlorates  and  broinatcs  by  remaining  unacted  upon  by  concentrated  sul- 
phuric acid,  unless  tlic  action  bo  assisted  by  deoxidizing  agents,  such  as  ferrous 
salts,  etc.  Instead  of  acqiiiring  a less  stable  cliaracter  by  the  interposition  of  the 
atoms  of  oxygen  between  the  iodine  and  potassium,  potassic  iodate,*  and  still 
more  so  periodate  (obtained  by  passing  cljlorinc  through  an  alkaline  solution  of 
potassic  iodate),  is  capable  of  resisting  the  action  of  sulphuric  acid  far  more 
readily  than  potassic  iodide.  Periodates  are,  in  fact,  not  reduced  by  the  ordinary 
reducing  agents  by  wliich  iodic  acid  is  reduced,  except  by  SIH. 

HYDROFLUORIC  ACID,  HF. — Occurs  in  nature  in  com- 
bination chiefly  with  calcium  in  the  mineral  caWedflihorspar  (Berby- 
shire  spar'),  CaFj;  also  as  double  fluoride  of  aluminium  and 
sodium  in  cryolite,  GNaF,ALFo.  It  is,  moreover,  met  with  in 
certiim  natural  ])hospliates,  e.g.,  coprolite,  fossil  bones,  wavellite,  and  1 
in  a few  silicates,  e.g.,  topaz,  7iiica,  hornblende. 

REACTIONS  IN  THE  DRY  WAY. 

Heated  out  of  contact  with  the  air,  most  fluorides  remain  un- 
changed. Volatile  fluorides  can  be  distilled ; but  wlien  heated  in 
a moist  atmosphere,  or  if  water  be  added,  they  are  decomposed  into 
oxides  (oxyfluorides)  and  hydrofluoric  acid.  The  changes  which 
fluorides  undergo  in  the  dry  way  are  of  two  kinds.  > 

1st.  The  fluoride  gives  off  hydrofluoric  acid  gas,  which  corrod.es  glass. 

By  beating  a fluoride  containing  water  in  a piece  of  combustion  > 

tubing,  open  at  botb  ends,  before  the  blowpipe,  the  glass  around  the 

* J.  Thomson  (Dcut.  Chem.  Qes.  Per.,  vii,  ji.  112)  deduces  from  the  dif- 
ferences observed  in  the  solubility  of  chlorates  and  bromates,  compared  with 
that  of  iodates,  also  the  formation,  by  preference,  of  acid  sails  with  the  alkali 
bases,  and  the  facility  with  which  iodic  auhydride  can  be  prepared  directly,  by 
heating  the  hydrated  acid,  that  iodic  acid  must  be  viewed  as  a dibasic  acid,  and  | 
he  assit'ns  to  it  the  formula  I0O5II2,  or  I"TO., (011)2,  and  he  derives  periodic  I 

acid,  ifalOclIo,  or  U.ilOj(OII)2,  by  replacing  the  triatomic  iodine  atom  by  II3.  } 
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fluoride  is  attacked.  The  experiment  may  be  carried  out  also  by 
mixing  a little  microcosmic  salt  with  the  fluoride,  and  holding  the 
tube  in  a slightly  slanting  position. 

By  heating  a mixture  of  a fluoride  with  hydric  potassic  sulphate 
in  a test-tube,  HF  is  disengaged,  thus  : — 

CaFj  + 2S02HoKo  = SO^Oao"  iSO^Koj  + 2HF. 

The  gas  corrodes  the  upper  part  of  the  tube  on  account  of  its  action 
upon  the  silica  of  the  glass,  with  which  it  forms  a gaseous  compound, 
silicic  fluoride,  SiF4,  thus  : — 

4HF  + SiOa  = SiF*  + 2OH2. 

2nd.  The  fluoride  is  decomposed  by  hydric  potassic  sulphate  in  the 
presence  of  a borate^  with  formaiion  of  volatile  boric  fluoride,  BF3. — 
By  heating  a mixture*  of  powdei’ed  hydric  potassic  sulphate  and 
fused  borax  with  the  finely  powdered  fluoride,  on  the  loop  of  a 
platinum  wire,  in  a clear  flame  of  a Bunsen  gas  lamp,  boric  fluoride 
is  disengaged,  imparting  a beautiful  yellowish-green  colour  to  the 
flame,  which  is  highly  characteristic,  although  very  evanescent. 

REACTIONS  IN  THE  WET  WAT. 

Employ  A SOLUTION  OP  some  fluoeiue,  NaF. 

Most  metallic  fluorides  are  solid ; othei’s,  again,  such  as  the 
fluorides  of  the  metals  whose  higher  oxides  possess  acid  properties, 
form  volatile,  fuming,  highly  corrosive  liquids,  or  are  gaseous  at 
the  ordinary  temperature. 

Fluorides  are  either  soluble  in  water  and  more  or  less  crystalline, 
such  as  KF,  NaF,  AmF,  AgF,  SnF,,  Fe.Fe,  HgFa,  Al^Fo,  or 
insoluble  or  very  sparingly  soluble  in  water,  and  amorphous  when 
obtained  by  precipitation,  e.g.,  CaF2,  BaF2,  PbB’2,  Z11P2,  CuF2, 

The  reactions  which  a soluble  fluoride  gives  by  double  decom- 
position with  solutions  of  salts,  whose  metals  form  insoluble 
fluorides,  are  not  very  characteristic. 

BaCb  produces  a bulky  white  precipitate  of  baric  nunridc,  BaF2, 
soluble  in  hydrochloric  acid  and  in  much  ammonic  chloride. 

CaCh  (or  CaHo2)  gives  a gelatinous  translucent  precipitate  of 
calcic  Huoridc,  CaF2,  which  becomes  visible  by  the  addition  of 
ammonic  hydrate.  CaF2  is  slightly  soluble  in  cold  hydrochloric  or 
nitric  acid,  difficultly  soluble  in  boiling  hydrochloric  acid,  less 
soluble  in  acetic  acid,  iu.solublc  in  free  hydrofluoric  acid,  soluble  to 
some  extent  in  ammonic  chloride. 

NOjAgo  produces  no  precipitate.  (Distinction  between 
AND  HCl.) 

It  is  preferable  to  test  for  HF  by  the  reactions  based  upon  the 
formation  of  gaseous  SiB^  or  BB\. 

All  fluorides  (soluble  or  insoluble)  are  decomposed  on  heating 

* 10  mol.  of  SOjHoKo  ( = 10  x 136). 

3 mol.  of  CaFj  (=  3x  78). 

1 mol.  of  B40jNao2  202. 
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witli  concentrated  sulphuric  acid,  with  disengagement  of  HF,  a 
metallic  sulphate  being  left,  thus : — 

CaFj  + SO,Ho2  = 2HF  + SOjCao". 

The  experiment  is  best  performed  by 
treating  the  fluoride  with  sulplniric  acid  in 
a small  leaden  cup  heated  over  a water-batb 
(Fig.  16),  and  connected  with  a leaden  still 
and  U-tube,  surrounded  with  ice,  for  the 
condensation  of  the  acid. 

Hydi'ofluoric  acid  gas  is  highly 
corrosive, -and  should  not  be  inhaled. 
If  it  comes  in  contact  with  silica  {e.g., 
in  glass),  SiF4  is  formed.  The  glass 
becomes  corroded  or  etched. 

Its  action  upon  glass  may  be  shown  also  by  covering  a platinum  crucible  con- 
taining a little  finely  powdered  fluoride  and  concentrated  sulphuric  acid,  with  a 
ihece  of  glass,  e.//.,  a watch-glass.  The  vapour  of  the  evolved  hydrofluoric  acid 
corrodes  the  glass.  The  action  of  the  hydrofluoric  acid  becomes  apparent  when 
the  glass  is  covered  with  a thin  layer  of  melted  wax,  and  some  design  scratched 
on  the  waxed  side  with  a j)ointed  instrument.  The  gas  acts  upon  the  unpro- 
tected portion  of  the  glass.  To  prevent  the  melting  of  the  wax,  a little  cold  water 
is  kept  on  the  wateh-glass.  The  design  will  be  found  etched  more  or  less  deeply 
into  tlie  glass,  after  the  removal  of  the  wax.  Mere  traces  of  a fluoride  are  thus 
detected,  and  as  no  other  substance  attacks  glass  similarly,  the  reaction  is  per- 
fectly characteristic  for  hj’drofluoric  acid.  It  should  be  remembered,  however, 
that  the  softer  kinds  of  glass  arc  liable  to  be  corroded  by  the  vapour  of  ordinary 
acids  alone.  In  doubtful  cases,  therefore,  it  is  j)roferabie  to  employ  a glass-bulb 
blown  out  of  combustion  glass,  or  else  a plate  of  rock-crystal. 

If  the  fliioriclo  contains  much  silica,  sulphuric  acid  disengages 
silicic  fluoride  instead  of  hydrofluoric  acid,  which  does  not  attack 
glass ; but  when  passed  into  water — best  by  letting  the  delivery- 
tube  dip  into  a little  mercury — it  is  decomposed  into  hydrofluo- 
silicic  acid  and  into  SiHoj,  thus : — 

3SiF,  -h  4OH2  = SiHo4  + 2(2HF,SiF4). 

This  reaction  is  employed  for  detecting  fluorine  in  silicates,  or  if 
applied  to  fluorides  which  are  free  from  silica,  some  finely  powdered 
quartz  or  glass  is  first  mixed  with  the  fluoride,  before  treating  with 
sulphuric  acid,  and  passing  the  silcic  fluoride  into  water. 

The  experiment  may  be  performed  in  a glass  flask  or  small  stone-ware  bottle, 
jjrovided  with  a wide  delivery-tube,  which  dips  under  mercury  contained  in  a 
small  porcelain  cup  at  the  bottom  of  a beaker  or  glass  cylinder.  Care  should  be 
taken  that  the  inside  of  the  delivery-tube  remains  perfectly  dry,  when  the  re- 
ceiving vessel  is  filled  with  water.  A mixture  of  one  part  by  weight  of  finely 
powdered  fluorspar,  and  one  by  weight  of  fine  sand  is  introduced  into  the  glass 
or  stone- ware  vessel.  Seven  to  eight  jjarts  by  weight  of  oil  of  vitriol  are  added, 
and  the  whole  shaken  up  together  and  gently  heated  upon  a sand-  (or  water-) 
bath.  Each  bubble  of  the  evolved  SiF4,  on  passing  through  the  water,  is  decom- 
posed, with  separation  of  gelatinous  silica,  which  after  a time  fills  the  whole  glass 
vessel  in  the  form  of  a dense  .jelly.  The  silica  is  separated  by  straining  through 
a cloth  from  the  hvdrofluosilicic  acid,  which  may  be  returned  to  the  glass  cylinder, 
and  a fresh  quantity  of  SiF4  passed  through,  till  the  acid  solution  has  become 
Buflicicntly  concentrated. 


Fio.  10. 


HYDROFLUOSILICIC  ACID. 


131 


Silicates  containing  fluorides  which  are  not  decomposed  by  sulphuric  acid,  are 
fused  with  four  parts  of  fusion  mixture.  The  fused  mass  is  extracted  with  water 
and  filtered.  The  filtrate  contains  the  fluorine  in  the  form  of  alkaline  fluorides 
together  with  alkahne  silicates.  On  slightly  acidulating  with  dilute  hydrochloric 
acid  to  decompose  the  excess  of  alkaline  carbonates,  and  then  digesting  with 
ammonic  hydrate,  SiHo4,  is  precipitated,  which  can  be  filtered  off,  leaving  the 
alkaline  fluoride.  On  adding  Calloo  or  CaCl2,  and  digesting  at  a gentle  heat,  a 
gelatinous  precipitate  of  CaF,  is  obtained,  which  is  filtered  olf,  dried,  and 
examined.  If  phosphoric  acid  be  present,  the  precipitate  contains  P30.2Cao"g, 
as  well  as  CaFj,  which  does  not,  however,  interfere  with  the-  disengagement  of 
hydrofluoric  acid  gas. 

Insoluble  fluorides,  e.g.,  CaFj,  are  not  completely  decomposed  by  fusion  with 
alkaline  carbonates,  unless  SiOj  be  present. 


QUESTIONS  AND  EXERCISES. 

1.  'Which  are  the  most  important  natural  compounds  of  fluorine  ? 

2.  What  changes  do  solid  fluorides  undergo  when  heated  by  themselves  ; 2ndly, 

when  mixed  with  microcosraic  salt  or  hydric  potassic  sulphate  ? 

3.  How  is  BFg  formed,  and  why  does  it  furnish  us  with  a characteristic  reaction 

for  fluorine,  or  vice  versd  for  boron  ? 

4.  Classify  fluorides  according  to  their  solubility  in  -water. 

5.  How  is  hydrofluoric  acid  gas  prepared  ? Explain  its  action  upon  glass, 
ti.  How  would  you  test  for  small  quantities  of  a fluoride  ? 

7.  Explain  the  action  of  concentrated  sulphuric  acid  upon  a fluoride  containing 

much  SiOj. 

8.  How  can  fluorine  be  detected  in  a mineral  containing  a silicate  which  is 

not  decomposed  by  sulphuric  acid,  some  phosphate,  and  traces  of  a 
fluoride  ? 


HYDnOFUJOSIUlCIC  ACID,  2HF,SiF4.— Obtained  by  passing  sLlicio 
fluoride  into  water  and  separating  the  precipitated  silica  by  filtration. 

It  forms  salts,  called  silicoffuorides,  or  fluosilicates,  on  acting  upon  metallic 
oxides,  hydrates,  or  metals,  such  as  Fe  or  Zn  (these  latter  with  evolution 
of  liydrogen),  of  which  the  potassic  and  baric  sdicofluorides  are  the  most  inte- 
resting. 

EEACTIONS  IN  THE  DEY  WAY. 

Silicofluorides  are  decomposed  by  heat  into  fluorides,  -with  disengagement  of 
silicic  fluoride. 


EEACTIONS  IN  THE  WET  WAY. 

A CONCENTEATED  SOLUTION  OF  THE  ACID  may  be  employed. 

On  evaporating  a solution  of  hydrofluosilicic  acid  in  a platinum  vessel,  it 
volatilizes,  and  is  decomposed  into  SiF4  and  2HF.  The  acid  ought  not,  there- 
fore, to  be  heated  in  a glass  vessel. 

AfewsUicolluorides,e.g.,2^F,BiY^,  2NaF,SiF4,  BaF2,SiF4,  are  difficulllg 
soluble  in  water,  and  are  rendered  quite  insoluble  by  the  addition  of  alcohol. 
Most  other  metallic  silicofluorides  are  readily  soluble  in  water. 

BaCI...  precipitates  translucent  crystalline  liarlc  !sIUc«fluorI«le,  BaF2,SiF4, 
which  falls  out  very  readily.  The  precipitation  is  complete  on  the  addition  of 
an  equal  volume  of  alcohol.  Strontium  is  not  precipitated  from  concentrated 
solutions.  (Distinction  between  baeium  and  steontium.) 

KCl  gives  a translucent  gelatinous  precipitate  of  Uipota.ssic  sincofliioriilc, 

2KF,SiF4. 

AmHo  separates  SiIIo4  and  forms  AmF. 

On  heating  a metallic  silicofluoride  with  concentrated  sulphuric  acid  in  a 
platinum  crucible,  covered  with  a watch-glass,  the  glass  becomes  corroded  or 
etched. 
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QUESTIONS  AND  EXERCISES. 

1.  How  is  2HF,SiF4  prepared  ? 

2.  What  decomposition  takes  place  when  silicofluorides  are  heated — 1st,  by 

themselves  ; 2iidly,  with  concentrated  SOoHoo  ? 

3.  How  is  BaFj,  SiF4  obtahied  ? 


PHOSPHORIC  ACID,  POH03. — This  acid  is  never  met  with 
in  the  free  state  in  nature,  but  invariably  in  combination  with 
liases,  such  as  CaO,  MgO,  ALO3,  FeO,  Fe^Os,  PbO,  as  hone- 
ash,  snmhrerite,  coprolite,  apatite,  wacjnerite,  wavellite,  vivianite,  pyro- 
morphite,  etc. 

REACTIONS  IN  THE  DRY  WAY. 

Most  anhydrous  metallic  phosphates,  when  mixed  with  dry 
CONaoz  and  lamp-black,  and  heated  together  with  metallic  sodium 
or  magnesium  in  a naiTow  ignition- tube,  yield  phosphides  of  these 
metals,  recognizable  by  the  smell  of  PH3  which  is  given  oif  when 
they  are  moistened  with  water. 

Normal  phosphates  of  fixed  bases  are  not  decomposed  upon 
ignition.  Mono-  and  di-hydric  normal  jihosphates  lose  water,  and 
are  converted  into  pyro-  and  metaphosphates,  thus  : — 

(1)  2POHoNao3  = P.303Nao4  + OH^. 

Sodio 

pyropliospbate. 

(2)  POHo^Nao  = PO.^Nao  -j-  OH3. 

Sodic 

metaplioBjjbate. 

Fusion  w'ith  caustic  or  carbonated  alkalies  converts  pyro-  and 
metaphosphates  into  normal  or  orthoy)hosphates.  Boiling  wdth 
concentrated  acids  (NO2H0)  effects  this  conversion  likewise. 

Alkaline  earthy  phosphates  arc  only  partially  decomposed  by 
fusion  with  alkaline  carbonates  ; most  others,  e.y.,  magnesic,  ferric, 
zincic,  nickelous,  manganous,  cupric  phosphates  are  completely  de- 
composed. The  solution  contains  trisodic  and  tripotas.sic  phosphates. 
PjOaAbo'^’  can  only  be  decomposed  by  fusion  with  silicic  anhydride 
or  sodic  silicate  (water-glass)  and  fusion  mixture,*  being  converted 
into  sodic  aluminic  silicate  and  ti-isodic  phosphate.  (Comp.  p.  38.) 

REACTIONS  IN  THE  WET  WAY. 

Employ  a sodution  of  hydric  disodic  phosphate,  POHoNao2. 

All  phosphates  may  be  divided  into — 

1st.  Fhosphates  which  are  soluble  in  water,  comprising  the 
alkaline  phosphates  only ; their  solutions  react  alkaline ; 
and 

2nd.  Fhosphates  which  are  insoluble  in  water,  but  soluble  in 

* One  part  of  SiOj,  together  with  six  parts  of  fusion  mixture. 
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mineral  acids  (some  also  in  acetic  acid),  comprising  all 
other  metallic  phosphates. 


of  the  more  important  reactions  by 


The  following  are  some 
double  decomposition : — 

BaCb  yields  a white  precipitate  of  Iiydrlc  baric  pliospliatc, 
POHoBao",  difficultly  soluble  in  ammonic  chloride,  soluble  in  nitric 
or  hydrochloric  acid. 

CaCb,  or  SO^Cao”  produces  a white  precipitate  of  iiyilric  calcic 
(or  tricalcic)  iiliospiiatc,  POHoCao",  readily  soluble  in  mineral 
acids  solulDle  in  acetic  acid,  after  being  freshly  precipitated ; 
slightly  soluble  in  ammonic  chloride. 

SOaMgo"  (or  better  still  MgCb)  in  the  presence  of  AmCl  and 
AmHo  produces  a white  crystalline,  quickly  subsiding  precipitate  of 
aininonic  magneslc  iiliospliate,  POAmoMgo"  + 6 aq.,  insoluble  in 
ammonic  hydrate,  readily  soluble  in  acids,  even  acetic  acid.  A 
highly  dilute  solution  of  sodic  phosphate  is  only  precipitated  after 
some  time.  The  precipitation  is  promoted  by  stirring  and  allowing 
the  liquid  to  stand  in  a warm  place,  when  the  precipitate  is  seen  to 
adhere,  in  tjie  form  of  white  streaks,  to  those  parts  of  the  glass 
vessel  which  have  been  touched  by  the  glass  rod.  Arsenic  acid 
gives  an  analogous  precipitate. 

This  is  the  most  important  reaction  for  POH03 ; it  is  almost 
invariably  resorted  to,  both  for  the  recognition  of  magnesia  and 
phosphoric  acid. 

NOjAgo  gives  a light  yelloio  precipitate  of  triargcntic  iihnspliatc, 
POAgOa,  soluble  in  ammonic  hydrate  and  in  nitric  acid. 

({go  ’^,Pbo'  ',  iilunibic  acetate,  produces  a white  precipitate  of 


liluinbic  phosphate,  P202Pbo"3,  readily  soluble  in  nitric  acid,  almost 
insoluble  in  acetic  acid,  as  well  as  ammonic  hydrate.  If  the  pre- 
cipitate is  fused  before  the  blowpipe  on  charcoal,  the  bead  appears 
Qrystnlli^is  on  cooling;  no  redaction  to  the  metallic  state  takes  place. 

FejCl*  gives  a yellowish-white  gelatinous  precipitate  of  ferric 
pliosphate,  P202Fe2o''‘,  soluble  in  hydrochloric  acid.  The  ferric  salt 
should  be  added  drop  by  drop,  sufficient  to  just  impart  a red  tinge 
to  the  supernatant  solution,  since  the  precipitate  is  somewhat  soluble 
in  excess  of  ferric  chloride.  Sodic  acetate  must  be  added  to  remove 
the  two  molecules  of  free  hydrochloric  acid  resulting  from  the 
reaction,  which  would  otherwise  dissolve  some  of  the  precipitate. 

When  phosphoric  acid  has  to  be  removed  from  a phosphate  dissolved  in 
hydrochloric  acid,  e.g.,  from  the  alkaline  earthy  phosphate,  PjOjCao",,  the  free 
acid  is  nearly  neutrahzed  with  ammonic  hydrate  or  ammonic  carbonate,  and 
then  sodic  acetate  added,  which,  by  double  decomposition  with  the  free  hydro- 
chloric acid,  forms  sodic  chloride  and  free  acetic  acid,  in  which  the  precipitate, 
produced  by  a slight  excess  of  ferric  cliloride,  is  absolutely  insoluble.  Tlio  mix- 
ture is  heated  nearly  to  boiling  ; a reddish-brown  precipitate  is  obtained,  which 
contains  the  whole  of  the  phosphoric  acid,  together  with  some  basic  ferric  acetate. 


• P202Cao"3  + 4NO3II0  = PjOjIiojCao"  + 2^^Q2Cao". 

Soluble  tetrahydric 

calcic  diphosphate,  reprecipitated  by  AmHo. 
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It  must  be  filtered  bot,  and  washed  with  hot  water ; the  filtrate  contains  the 
alkaUne  earthy  bases  as  chlorides. — (Comp,  also  p.  38  and  39.) 

Small  quantities  of  phosphoric  acid,  in  the  presence  of  large  amounts  of  a 
ferric  salt,  such  as  we  meet  with  in  solutions  of  iron  ores,  of  pig  iron,  steel,  etc., 
are  best  removed  by  first  reducing  the  ferric  to  ferrous  salt  by  boiling  with 
SOHoAmo,  or  SOj  solution,  neutralizing  with  CONao2,  ^nd  lastly  with  sodic 
acetate  and  precipitation  with  a few  drops  of  ferric  chloride  (or  by  reoxidizing 
a small  portion  of  the  ferrous  salt  by  the  addition  of  a little  chlorine  water,  or  a 
drop  or  two  of  bromine).  The  whole  of  the  phosphoric  acid  is  usually  pre- 
cipitated in  this  manner.  Loss  aidsing  from  the  solvent  action  of  ferric  acetate 
is  avoided,  ns  ferrous  acetate  does  not  dissolve  ferric  phosphate. 

This  metliod  is  employed  with  advantage  in  the  examination  of  iron  ores,  etc. 
.Tlic  preci])itato  is  filtered  hot,  rodissolvecl  in  dilute  HCl,  and  the  phos])horic 
acid  precipitated  in  the  presence  of  citric  or  tartaric  acid,  AmCl  and  AmHo,  by 
means  of  magncsic  sulphate. 

AsOHoa  exhibits  with  ferric  chloride  a similar  reaction,  and  has, 
therefore,  to  be  separated  from  an  acid  solution,  by  boiling  with 
SOHoAmo  and  precipitation  by  a current  of  SH,  gas. 

Small  f/‘aces  of  phosphorus  (phosphoric  acid),  usually  found  in 
soils,  iron  ores,  in  pig  iron,  steel,  sheet  copper,  etc.,  may  also  be 
])recipit<ated  after  dissolving  the  ore  or  metal  in  hydrochloric  and 
nitric  acids,  whereby  the  phosphorus  is  converted  into  POH03,  and 
after  driving  oif  the  excess  of  acids  by  evaporation  and  taking  up 
the  residue  with  concentrated  nitric  acid,  by  adding  a solution  of 
amnionic  molybdate  and  concentrated  nitric  acid ; the  silicic  acid 
is  separated  by  the  evaporation  to  dryness;  and  ai’senic  acid,  if 
present,  should  be  first  removed  by  sulphuretted  hydrogen.  On 
digesting  the  solution  at  a gentle  heat  (60°  0.)  for  some  time 
(houi’s  if  neco.ssary),  and  stirring  with  a glass  rod,  a bright  yellow 
])reci]ntate  of  mniiionic  iiho-siilio-inolybelatc  is  obtained. 

The  constitution  of  this  precipitate  is  not  well  understood;  it 
contains  molybdic  acid,  ammonia,  and  phosphoric  acid*  (about 
3 per  cent.).  By  washing  the  yellow  jmecipitate  with  a solution  of 
ammonic  molybdate,  and  lastly  with  a solution  of  ammonic  nitrate, 
and  then  dissolving  it  in  ammonic  hydrate,  filtering,  and  adding 
S02Mgo",  AmCl,  and  AmHo,  the  phosphoric  acid  is  obtained  as 
POAmoMgo". 

White  of  egg  (albumen)  is  not  eoagulatecl  by  tribasie  pbosphorie  aeid,  nor  by 
a solution  of  an  orthophosphate  aeidulated  with  aeetie  aeid. 


I'YROPHOSI'IIORIC  ACID,  PjOallo^. — Pyrophosphates  are  obtained 
by  heating  monohydrie  phosphates.  They  are  of  little  importance,  however, 
since  tlioy  are  not  usually  mot  with  iii  natural  compounds,  and  as  they  are  speedily 
converted,  by  the  action  of  acids  or  alkalies,  into  tribasie  phosphates. 

BEACTIONS  IN  THE  WET  WAY. 

Employ  A SOEUTION  or  sonic  pyropiiospuate,  P.P3Nao4. 

Alkaline  pyrophosphates  are  soluble  in  water. 

All  others  are  insoluble  in  tvater,  hut  soluble  in  dilute  acids. 

Tlie  presence  of  a soluble  pyrophosphate  is  indicated  on  adding  NO;  A go, 
which  givesaw/hife  precipitate  of  ars'cntic  iiyroitliosi>lintc,  P-jOjAgo^,  soluble 
in  nitric  acid  and  ammonic  hydrate. 

# M0O3,  90-7  P.O. ; P;06,  3T  P.C.  j OAiU;,  3 6 P.C. ; and  Olio,  2 6 P.C. 
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Albumen  is  not  coagulated  by  the  free  acid,  nor  by  an  acetic  solution  of  a 
pyi’ophosphate. 

MoOjAmOo  (amnionic  niolylJilate)  does  not  give  a precipitate  until  by  the 
action  of  mineral  acids  the  pyrophosphate  has  been  converted  into  tribasic  phos- 
phate. 


5IETAPHOSPHIORIC  ACID,  POoHo,  is  distinguished  from  the  tetra- 
and  tribasic  acid  as  follows  : — 

Albumen  gives  an  abundant  lohite  precipitate  with  the  free  acid,  and  vrith 
soluble  metaphosphates,  on  the  addition  of  acetic  acid. 

SOiMgo",  AmCl  and  Am  Ho  fail  to  precipitate  soluble  metaphosphates. 

NO'.Ago  produces  a white  precipitate  of  arscntlc  inctapliosspliatc. 

In  the  ordinary  course  of  analysis  both  pyro-  and  metapliosphates  are  con- 
verted into  tribasic  pliosphates,  and  their  tetrabasic  and  monobasic  natm’e  is  lost 
sight  of.  They  can,  therefore,  only  be  detected  by  special  experiments. 


PHOSPHOROUS  ACID,  PH03  (tribasic). — Phosphorous  anhydride  is 
obtained  by  the  slow  oxidation  of  phosphorus  on  exposure  to  dry  air  at  the  ordi- 
nary temperature.  By  combining  with  water  it  forms  a very  weak  acid,  and 
with  hydrated  alkalies  alkaUne  phosphites. 

EUACriONS  IN  THE  DET  WAT. 

Heated  by  themselves  on  platinum  foil,  phosphites  are  decomposed,  burning 
with  a bright  flame.  Heated  in  a retort  they  evolve  hydrogen,  mixed  towards 
the  end  of  the  decomposition  with  PH3,  and  are  converted  iuto  phosphates. 

EEACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  soDic  PHOSPHITE,  PHoNaOj,  may  be  employed. 

Alkaline  phosphites  are  soluble  in  water. 

All  other  phosphites  are,  for  the  most  part,  difficultlii  soluble  or  insoluble  in 
water,  but  soluble  in  acetic  acid  (plumbic  jihosphite  excepted) . Phosphites  (as 
weU  as  hypophosphites)  are  of  interest  mainly  on  account  of  tlie  powerful  reducing 
action  which  they  exert  upon  salts  of  various  metallic  oxides,  capable  of  forming 
lower  oxides,  or  of  being  reduced  to  the  metallic  state,  as  well  as  upon  the  lower 
oxides,  etc.,  of  metalloids,  e.g.,  SOo. 

NOoAgo  is  reduced  thereby  to  metallic  silver,  especially  in  the  presence  of 
ammonia  and  on  the  application  of  a gentle  heat. 

H^C'h  and  N204llg02",  are  reduced  to  Hg2d2  and  metallic  mercury. 

SO2  forms  a phosphate  with  liberation  of  sulphur  and  evolution  of  SH2. 

Nascent  hydrogen  yields  a mixture  of  H.j  and  PH3  which  fumes  in  the  air  and 
burns  with  an  emerald-green  colour.  When  passed  into  a solution  of  argentic 
nitrate,  the  gaseous  mixture  precipitates  PAga  and  metallic  silver. 

The  difficultly  soluble  phosphites  of  Ba,  Ca,  Pb,  etc.,  are  obtained  by  double 
decomposition,  the  latter  salt  being  insoluble  in  acetic  acid. 


H Y P O l»  H « S P H O R W U A C 1 U , POHjHo  (monobasic)  .—Obtained  by  the 
action  of  alkalies  or  hydrates  of  the  alkahne  earthy  bases  upon  phosphorus  and 
water. 

P4  + SOHj  -(-  3KHo  = 3POH2K0  -I-  PH3. 

EEACTIONS  IN  THE  HEY  WAY. 

Hypophosphites  are  decomposed  upon  ignition  into  pyrophosphates  and  PII3. 
4POH2K0  = P2O3K04  -I-  2PH3  + OHj. 

EEACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  FOTASsic  UTFOPHOSPHiTE  may  be  employed. 


136 


SILICIC  ACID. 


All  hypo-phospTiites  are  soluble  in  water.  They  constitute  even  more  powerful 
reducing  agents  than  the  phosphites. 

Nitric  acid  or  chlorine  water  changes  them  into  phosphates. 

SO2H02  is  reduced  to  SOH03,  partly  even  to  sulphiir. 

SO2OU0"  is  reduced  to  metallic  copper  (cupric  hydride). 

Hg’Ch  is  reduced  to  Hg’2Cl2,  and  then  to  mercury. 

AuCla  and  N02Ago  yield  the  pure  metals. 

Zn  + SO2II02  (nascent  hydrogen)  yield  H2  and  PHj. 

In  the  ordinary  course  of  analysis,  both  pltosphorous  and  hypo- 
phosphorous  acids  are  converted  into  phosphoric  acid,  and  they 
must  therefore  bo  identified  by  tlie  special  reactions  just  described. 

QUESTIONS  AND  EXERCISES. 

1.  Ifow  does  phosphoric  acid  occur  in  nature  ? 

2.  Ex))lain  tlio  action  of  heat  upon  POHo2Nao,  POAmoMgo",  and 

POlIoAmoNuo. 

3.  ITow  are  meta-  and  pyrophosphates  converted  into  tribasic  jihosphates? 

4.  Classify  all  ]ihoRphates,  pyropliosphalcs,  phosphites,  and  hyi)ophosphites 

according  to  their  solubility  in  water. 

5.  flow  is  phosphoric  acid  removed  from  alkaline  earthy  phosphates? 

6.  State  how  you  woidd  detect  phosphoric  acid  in  a soil  or  iron  ore ; or  phos- 

phorus in  metallic  copper  or  cast  iron. 

7.  What  is  the  approximate  composition  of  ammonic  phospho-inolyhdate  ? 

8.  Which  reactions  enable  us  to  distinguish  between  tribasic,  tetrabusic,  and 

monobasic  phosphates  ? 

9.  How  would  you  prepare  POIIjHo  and  (POn2)?Cao"  ? 

10.  How  are  calcic  phosphite  and  potassic  hypophosphite  acted  upon  by  heat  P 

11.  What  are  the  products  of  oxidation  obtained  on  burning  PII3  in  air? 

12.  How  can  ]>otassic  hypophosphite  be  detected  in  the  presence  of  potassic 

phosphite  and  phosphate  ? 

13.  How  would  you  prepare  gaseous  PII3  ? What  is  its  action  upon  solutions 

of  cupric  sulphate  and  argentic  nitrate  ? 

14.  Give  symbolic  and  grajihic  formula)  for  gaseous  phosphoretted  hydrogen, 

calcic  hypophosphite,  cupric  phosphide. 

15.  Express  by  a symbolic  equation  the  change  which  POH3IIO  undergoes  when 

it  is  acted  upon  by  SO2II0},  by  SO.^Cuo",  or  by  AUCI3. 

16.  How  would  you  convert  bone-a-sh  into  a soluble  calcic  phosphate  (into 

P202lIo4Cao" — a constituent  of  calcic  superphosphate)  ? 

17.  5'4  gnus,  of  cast  iron  yielded  ’OIG  of  P203Mgo"2 ; what  is  the  percentage  of 

phosphorus  in  the  iron  ? 


SILICIC  ACID,  SiHo4. — Silicic  anhydride  or  silica,  SiOo, 
occurs  in  nature  both  in  a crystalline  and  amorphous  condition, 
either  in  tbe  free  or  combined  state.  Quartz  and  rode  crystal  are 
composed  of  almost  pure  crystalline  silica.  Opal,  hyalite,  and  some 
other  minerals  consist  of  amorphous  silica,  and  are  probably  derived 
from  silicic  hydrate  by  a process  of  slow  dehydration.  Other 
silicious  bodies,  such  as  chalcedony,  agate,  flint,  are  principally  com- 
posed of  amorphous  silica,  or  of  a mixture  of  the  two. 

The  compounds  of  silica  with  bases,  especially  with  OK,,  ONa„ 
CaO,  MgO,  AI2O3,  FeO,  MnO,  are  exceedingly  numerous,  and 
vary  to  a very  great  extent  in  their  constitution  and  properties. 

EEACTIONS  IN  THE  DRY  WAY. 

Both  varieties  of  silica  are  characterized  by  their  infusibility 
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when  heated,  by  themselves  before  the  blowpipe,  or  in  a bead  of 
microcosmic  salt.  Pure  silica  fuses  with  sodic  carbonate  to  a clear 
glass,  which,  if  sufficient  silica  has  been  used,  remains  transparent 
on  cooling.  Silicates  rich  in  silica  behave  like  pure  silica.  If  a 
silicate  be  heated  in  like  manner  with  microcosmic  salt,  its  base  or 
bases  are  dissolved,  while  the  silica  is  seen  to  float  about  in  the 
liquid  phosphate  bead  as  a silica  skeleton.  Silicates  containing 
coloured  oxides  give  rise  to  opalescent  beads,  in  which  the  SiOa 
can  be  distinguished  only  with  difficulty. 

When  silica,  or  a silicate  rich  in  silica,  is  heated  on  platinum 
wire  before  the  blowpipe  with  sodic  carbonate,  the  Si02  displaces 
the  COo,  and  forms  a clear  glass  of  sodic  silicate.  The  alkaline 
carbonate  should  not  be  employed  in  excess.  Calcic  and  magnesia 
silicates  do  not  dissolve  to  a clear  bead  as  a rule. 

Beyond  identifying  silica  and  obtaining  a general  knowledge  of 
the  nature  of  any  silicate  under  examination,  respecting  its  fusi- 
bility, state  of  hydration,  etc.,  the  blowpipe  reactions  fail  to  supply 
distinguishing  tests  regarding  the  chemical  composition  of  these 
bodies,  since  a very  large  number  of  silicates  differ  from  each  other 
merely  in  the  relative  proportions  of  their  component  metallic 
elements. 


EBACTIONS  IN  THE  WET  WAT. 

All  silicates  may  be  divided  into — 

1.  Silicates  which  are  soluble  in  water,  including  only  potassic 
and  sodic  silicates ; and 

2.  Silicates  insoluble  in  water,  including  all  others. 

These  latter  silicates  are  either  soluble  in  concentrated  hydro- 
chloric or  sulphuric  acid,  or  partly  soluble  and  partly  insoluble,  or 
lastly,  insoluble  in  these  acids. 

All  insoluble  silicates  are  attacked  by  hydrofluoric  acid,  with 
disengagement  of  silicic  fluoride,  or  by  fusion  mixture  (or  caustic, 
baryta)  at  a high  temperature. 

By  treating  an  aqueous  solution  of  sodic  silicate,  SflSrao4,  with 
dilute  hydrochloric  acid,  it  is  decomposed  into  NaCl  and  SiHo4. 
The  latter  remains  either  dissolved  in  the  acid,  or  is  partially  sepa- 
rated as  a flaky  or  gelatinous  mass.  On  evaporating  in  a porcelain 
dish  over  a water-bath,  the  gelatinous  mass  becomes  firmer,  and 
can  be  broken  up,  by  means  of  a glass  rod,  into  lumps,  which 
speedily  lose  their  water,  leaving  anhydrous  silica,  especially  on 
being  i^ited  on  a sand-bath,  as  long  as  acid  fumes  are  evolved. 
The  dried  mass  is  treated  with  a little  concentrated  hydrochloric 
acid  and  hot  water,  when  NaCl  is  dissolved  out  (together  with 
small  quantities  of  A1  and  Fe — impurities  in  the  sodic  silicate). 
The  impalpable  powder  of  amorphous  silica  is  thrown  on  a filter 
and  washed  with  hot  water,  dried  and  ignited. 

AmCl  or  COAmoj  precipitates  SiH.04  from  a solution  of  sodic 
silicate.  Salts  of  most  of  the  heavy  metals,  as  well  as  of  the  alka- 
line earthy  metals,  foi’m  by  double  decomposition  with  a soluble 
silicate,  white  or  yellowish-white  silicates,  soluble  in  dilute  hydro- 
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cMoric  ^ or  nitric  acid,  wliich,  however,  possess  no  characteristic 
properties.  It  is,  therefore,  necessary  to  remove  the  silica  in  order 
to  detect  bases,  by  evaporating  to  dryness  with  hydrochloi’ic  acid. 
On  digesting  the  dry  mass  with  a little  hydrochloric  acid,  the 
metallic  oxides  are  dissolved,  and  can  be  separated  by  filtration 
from  the  silicic  anhydride.  SiOj,  Uhe  PjOj,  is  detected  whilst  testing 
for  bases. 

Most  natural  and  artificial  silicates  are  insoluble  in  water.  Many, 
e.g.,  zeolites,  as  well  as  certain  artificial  silicates,  such  as  slags  from 
blast  furnaces,  etc.,  are  decomposed  on  digesting  the  finely  powdered 
silicate  with  concentrated  hydrochloric  acid.  The  gelatinous  mass 
is  evaporated  to  dryness  on  a water-bath,  when  amorphous  silica 
separates. 

Silicates,  such  as  kaolin  and  clays,  which  are  not  dissolved  by 
hydrochloric  acid,,  can  frequently  be  decomposed,  either  partly  or 
wholly,  by  hot  concentrated  sulphuric  acid  diluted  ivith  about  one-third 
of  Us  weight  of  water ; many  natural  silicates  yield  more  or  less 
silica,  on  treatment  with  hydrochloric  acid,  which  silica  may  be 
taken  to  represent  the  soluble  silica  or  the  decomposable  silicates, 
leaving  the  greater  portion  of  the  mineral  behind  in  an  insoluble 
condition. 

Silica,  or  silicates  insoluble  in  acids,  forming  by  far  the  greater 
number,  are  readily  attached  by  gaseous  hydrajluoric  acid,  or  by  fluor- 
spar and  S02Hoj,  gaseous  SiF4  being  given  off.  This  method  may 
be  resorted  to  Avhen  alkalies  are  present  in  a silicate,  as  e.g.,  in 
felspar,  SinOoKcaAljo'’'.  A little  of  the  finely  powdered  silicate  is 
moistened  with  strong  ammonia,  put  into  a platinum  crucible  or 
small  platinum  capsule,  and  exposed  to  the  action  of  gaseous  HF. 
This  gas  should  bo  generated  in  a leaden  or  platinum  vessel.  The 
platinum  crucible  is  to  this  cud  placed  in  a small  leaden  basin, 
which  can  be  closed  with  a lid  of  the  same  metal.  A layer  of  fluoi’- 
spar  is  put  at  the  bottom  of  this  vessel,  mixed  and  covered  with 

concentrated  sulphuric  acid.  The  pla- 
tinum crucible  rests  on  a leaden  tripod. 
The  leaden  vessel  after  being  covei’ed  and 
luted  with  moist  linseed  meal,  is  placed 
for  a day  or  two  in  a warm  place.  The 
crucible  is  then  taken  out,  and  its  contents 
cautiously  evaporated  by  applying  a 
gentle  heat,  as  shown  in  Fig.  17,  from 
the  upper  part  of  the  crucible  downward, 
till  the  whole  of  the  aminonic  fluoride 
has  been  driven  off.  The  dry  residue  is 
dissolved  in  hydrochloric  acid,  and  tested 
for  bases.  A small  residue  is  usually 
left,  which  is  filtered  off  and  treated  once 
more  in  the  same  manner. 

The  same  result  may  be  obtained  more 
expeditiously  by  treating  the  mineral  in 
Kio.  17.  a platinum  crucible  with  liquid  hydro- 
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JJnoric  acid,  and  evaporating  cautiously  in  a closet  wliicli  stands 
in  connection  with  the  chimney,  and  which  has  a good  in-draught 
of  air.  The  residue  is  dissolved  in  hydrochloric  acid.  Any  insolu- 
ble residue  which  may  be  left  is  separated  by  filtration  and  treated 
again  with  hydrofluoric  acid.  This  treatment  has  generally  to  be 
repeated  several  times,  before  the  whole  of  the  bases  are  obtained 
in  a soluble  condition. 

Treatment  with  CaFo  and  concentrated  SO^Hoj  is  objectionable,  on  account 
of  the  formation  of  insoluble  SOHoaCao''. 


A less  cumbersome  yet  equally  satisfactory  method  for  decom- 
posing silicates  containing  alkalies  is  the  following  : — Mix  '5  grm. 
of  finely  powdered  silicate  intimately  with  ’5  grm.  of  pure  AmCl,  and 
then  with  4 grms.  of  pure  precipitated  granular  calcic  carbonate,*  and 
heat  the  mixture  in  a platinum  crucible,  placed  in  a slanting  posi- 
tion, first  gently  and  by  means  of  a small  Bunsen  flame,  from  above 
gradually  downwards,  till  the  sal-ammoniac  is  completely  converted 
into  CaCh.  Then  apply  a stronger  heat,  and  lastly  heat  for  half  an 
hour  over  a good  Bunsen  lamp.  The  sintered  mass  consists  now  of 
caustic  lime,  disintegrated  silicate  (rendered  soluble  in  acids),  and 
alkaline  chlorides  soluble  in  water,  besides  undecomposed  CaCh.  It 
is  next  slaked  and  repeatedly  extracted  with  small  quantities  of  hot 
water  at  a time.  The  liquid  after  filtration  is  free  from  silica  and 
contains  the  alkali  metals  as  chlorides.  The  lime  in  solution  is 
removed  by  precipitation  with  ammonia  and  ammonic  oxalate,  and 
the  filtrate  evaporated  to  dryness  and  gently  ignited,  when  the  fixed 
alkali  salts  are  left  behind.  This  method  can  only  be  worked  with 
advantage  with  quantities  of  substance  not  exceeding  '5  grm. 

All  silicates  insoluble  in  water  and  acids,  no  matter  whether  they 
contain  alkali  metals  or  not,  may  be  decomposed  by  fusion  with  allcalinc 
carbonates  (fusion  mixture).  They  are  first  ground  up  very  finely 
in  an  agate  mortar,  then  intimately  mixed  with  three  or  four  times 
their  weight  of  fusion  mixture  and  heated  in  a platinum  crucible 
as  long  as  any  C02  is  given  ofi^.  This  may  be  done  over  a good 
Bunsen  gas  lamp  or  by  means  of  a Herapath  gas  blowpipe.  (A 
platinum  crucible  can  be  employed  with  safety  only  when  the 
absence  of  easily  reducible  and  fusible  metals  has  been  established 
by  a preliminary  examination  of  the  silicious  substance  in  the  dry 
way.)  The  silica  is  thus  obtained  in  combination  with  the  alkalies 
and  dissolves  in  hot  water,  and  the  bases  (CaO,  MgO,  ALO3,  Fe^Oa, 
etc.,  etc.)  are  left  as  insoluble  oxides  or  carbonates,  and  may  be 
separated  by  filtration ; or  the  whole  mass  is  at  once  treated  with 
dilute  hydrochloric  acid  and  evaporated  to  dryness.  Silicic  anhy- 
dride is  left,  and  the  bases  are  removed  as  chlorides  by  filtration, 
ihe  alkalies  must  be  examined  for  in  a separate  portion  by  treat- 
ment with  hydrofluoric  acid. 

Pure  amorphous  silica  dissolves  completely,  when  boiled  in  a 


• Prepared  by  precipitating  a dilute  solution  of  CaC'h  at  70°  C.  with  excess 
of  COAmooi  and  washing  the  precipitate  thoroughly  with  hot  water  by  decanta- 
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platinum  vessel  witli  an  aqueous  solution  of  fixed  caustic  or  car- 
bonated alkalies. 

SiOo  is  separated  from  TiOj  (titanic  anliydride)  by  fusion  with  SOoHoKo 
in  a platinum  erucible,  and  subsequent  treatment  with  water  ; the  SiOo  remains 
undissolved.  The  TiOj  is  precipitated  from  the  acidulated  aqueous  solution  by 
long-eontinued  boiling. 

QUESTIONS  AND  EXERCISES. 

1.  Give  instances  of  crystalline  and  amorphous  silica. 

2.  Describe  the  reactions  for  SiO^  in  tlio  dry  way. 

.3.  Classify  silicates  aecording  to  their  solubility  in  water  and  acids. 

4.  Explain  the  action  of  IIE,  or  of  CaF^  and  concentrated  SOalloo  upon 

silicates. 

5.  How  would  you  ascertain  the  presence  of  potassium  or  sodium  in  a silicate, 

soluble  in  IICl,  and  in  a silicate,  insoluble  in  HCl,  e.g.,  .in  Bohemian 
glass  P 

fi.  Wliut  is  the  action  of  caustic  and  carbonated  alkalies  upon  amorphous 
silica  ? 


BORIC  ACID,  BH03  (Orthoboric  acid). — Is  found  in  nature 
both  combined  and  in  the  free  state. 

REACTIONS  IN  THE  DRY  WAY. 

!Most  borates  swell  up  when  heated  by  themselves,  and  fuse  into 
a transparent  glass  which  dissolves  metallic  oxides,  producingvarious 
colours.  Tlie  free  acid  forms  scaly  crystals,  possessing  a pearly 
lustre  and  feeling  peculiarly  greasy  to  the  touch. 

When  heated  to  100°  C.  the  crystals  lose  water  and  become  con- 
verted into  metaboric  acid,  BOHo.  This  acid  fuses  to  a colourless 
transparent,  glassy-looking  mass, — hovic  anhydride,  B2O3,  which  can 
be  kept  in  a liquid  condition  without  loss  from  volatilization. 

A mixture  of  S0.3HoKo  and  a borate,  heated  on  a platinum  wire 
in  a blowpipe  fiame,  imparts  a green  colour  to  the  fiame,  owing  to 
the  liberation  of  boric  acid. 

To  detect  traces  of  boric  acid  before  the  blowpipe,  the  borate  is 
powdered  and  mixed  with  SO2H0K0  and  CaF2.*  ((lomp.  page  129.) 
The  mixture  is  made  into  a stiff  paste  with  a few  drops  of  water, 
and  cautiously  introduced,  on  the  loop  of  a platinum  wire,  into 
the  inner  blowpipe  flame,  when  the  outer  flame  acqumes  momentarily 
a yellowish-green  tint,  owing  to  the  volatilization  of  boric  fluoride, 
BF3.  Phosphates  as  well  as  copper  salts,  when  moistened  with 
sulphuric  acid  and  heated  in  the  outer  flame,  give  likewise  a green 
tint  to  the  flame. 

REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  BORAX,  B40sNa02,  is  used. 

The  alkaline  borates  are  soluble  in  ivater,  all  others  are  difficultly 

* Three  to  four  parts  of  the  flux  (consisting  of  one  part  of  powdered  CaF2 
and  four  and  a half  to  five  parts  of  SO2II0K0). 
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soluble,  but  none  are  absolutely  insoluble.  All  borates  dissolve  in,  acids 
and  ammonic  chloride. 

The  precipitates  produced  by  double  decomposition  of  a soluble 
alkaline  borate  with  salts  of  the  alkaline  earths,  or  with  plumbic, 
argentic,  mercurous,  or  ferrous  salts,  etc.,  are  white  or  yellowish-white, 
and  are  readily  soluble  in  acids  and  ammonic  chloride. 

The/ree  acid  dissolves  in  water  and  aleohol,  and  its  solutions 
impart  to  a Bunsen  gas  flame  a fine  green  colour.  An  alcoholic  solu- 
tion placed  in  a porcelain  dish  burns,  when  ignited  with  the  same 
characteristic  flame,  and  the  colour  becomes  all  the  more  perceptible 
when  the  burning  alcohol  is  stirred  with  a glass  rod.  It  does  not 
show  in  the  presence  of  alkaline  hydrates  or  carbonates,  or  of  any 
other  base.  The  reaction  is  equally  vitiated  by  the  presence  of  sodic 
or  calcic  chloride,  or  even  by  the  presence  of  small  quantities  of  an 
alkaline  tartrate,  free  tartaric  or  phosphoric  acid ; but  the  green 
becomes  again  perceptible  on  the  addition  of  a little  concentrated 
sulphuric  acid. 

A green  flame  (of  a somewhat  greenish-blue  tint,  however)  is  obtained  also 
by  healing  many  metallic  chlorides  with  alcohol  and  concentrated  sulphuric  acid 

r cH 

(owing  to  the  formation  of  ethylic  chloride,  < q]j;^02)i  by  passing  hydi’o- 
chloric  acid  gas  into  the  flame  of  burning  alcohol. 

Boric  acid,  when  combined  with  bases,  requires  first  to  be 
liberated,  by  the  addition  of  a little  concentrated  sulphuric  acid, 
before  its  alcoholic  solution  can  produce  the  green  flame. 

If  a borate  cannot  be  decomposed  by  sulphuric  acid,  it  is  fused 
wdth  potassic  hydrate,  and  the  fused  mass  taken  up  with  aleohol. 
On  the  addition  of  concentrated  sulphuric  acid,  the  burning  alcohol 
shows  the  characteristic  green  flame. 

An  aqueous  solution  of  boric  acid  cannot  be  evaporated  without 
loss  of  acid  from  volatilization. 

An  alcoholic  solution  of  boric  acid  colours  turmeric  paper  reddish- 
brown,  especially  on  drying  the  strips  of  paper  in  a warm  place  (a 
Avater-oven).  This  colour  becomes  more  intense  in  the  presence  of 
hydrochloric  or  sulphuric  acid  (even  in  the  presence  of  nitric  or 
tartaric  acid).  The  colour  produced  by  heating  tnrmeric  paper 
with  hydrochloric  acid  is  blackish-brown,  and  must  not  be  con- 
founded with  the  colour  produced  by  boric  acid.  The  dried  paper 
acquires  a blackish  tint  when  dipped  into  alkalies. 

Hydrofluoric  acid  (or  SO-^Hoj  and  CaFj)  decomposes  all  borates,  with  for- 
mation of  volatile  boric  fluoride,  thus  : — 

BjOjNaOj  -t  6CaF2  + TSO^Hos  = eSOHojCao"  + SO^Naoa  + 4.BF3  -t-  OH^, 

and  if  the  gaseoun  boric  fluoride  be  passed  into  water,  it  forms  a peculiar  acid — 
hydrojluoborio  acid — the  constitution  of  which  is  not  well  understood,  thus : — 

4BF3  3OH2  = 3(BF3,HF)  -t  BH03. 

Uydrolluoboric 

acid. 

This  acid  combines  with  bases,  forming  horojluorides  or  fluohorates,  thus  : 

BF3,HF  + KHo  = BFa,KF  + OHj. 
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QUESTIONS  AND  EXERCISES. 

1.  How  is  metaboric  acid  obtained  ? 

2.  Explain  the  reactions  in  the  dry  way  for  borie  acid  or  borates. 

3.  Classify  borates  according  to  their  solubility  in  water. 

4.  Explain  the  colour  test  for  boric  acid. 

6.  Explain  the  action  of  HE  upon  boric  acid. 


HYDROCYANIC  ACID,  (Prussic  acid),  HCy.— This  acid* 
consists  of  hydrogen  and  the  compound  radical  cyanogen,  Cy,  mole- 
r'C'"N"' 

cule  < forms  with  metallic  oxides  salts,  called  cyanides, 

analogous  in  their  chemical  constitution  to  chlorides,  bromides,  etc. 
Cyanogen  cannot  be  obtained  by  the  direct  combination  of  carbon 
and  nitrogen,  but  an  alkaline  cyanide  results  from  the  action  of 
caustic  or  carbonated  alkalies  upon  nitrogenous  organic  bodies, 
such  as  fibrin,  albumen,  and  gelatin  at  a high  temperature.  The 
best  known  cyanide,  viz.,  potassic  cjmnide,  KCy,  unless  specially 
purified,  contains  more  or  less  potassic  cyanate,  CyKo,  and  jsotassic 
carbonate. 

REACTIONS  IN  THE  DRY  WAY. 

KCy  and  NaCy  are  not  decomposed  upon  ignition  in  close 
vessels,  as  may  be  inferred  from  their  mode  of  manufacture  ; but 
w'ben  heated  with  free  access  of  air,  they  are  converted  into  cyanates. 
The  same  change  takes  place,  only  more  speedily,  when  potassic 
cyanide  is  heated  with  less  energetic  oxidizing  agents,  such  as 
MnOj,  PbO,  CuO,  Sn02,  etc.,  when  the  metal,  or  a lower  oxide  is 
left.  Heated  in  the  presence  of  metallic  sulphides,  it  is  converted 
into  potassic  sulphocyanate,  CyKs.  Potassic  cyanide  is  on  this 
account  a most  valuable  deoxidizing  (desulphurizing)  agent,  and  is 
employed  in  blowpipe  reactions,  whenever  a metallic  oxide  (or  sul- 
phide) has  to  be  reduced  to  the  metallic  state.  Cyanides  of  the 
heavy  metals  undergo  decomposition  upon  ignition ; some  {e.g.,  the 
cyanides  of  the  noble  metals)  break  up  into  metal  and  cyanogen 
gas;  others  into  a metallic  carbide  and  nitrogen  {e.g.,  the  cyanides 
of  iron ; others  again  (such  as  AgCy,  HgCy^,  CuCyj,  ZnCyj)  yield 
cyanogen  gas,  metallic  silver,  mercury,  etc.,  and  paracyanogen, — a 
brownish -black  substance,  which  is  isomeric  with  cyanogen,  usually 
expressed  by  the  symbol  Cy„. 

This  deportment  of  solid  cyanides  fnrni.shes  ready  means  of 
preparing  cyanogen  gas,  either  by  igniting  d.ry  HgCyj,  or  AgCy ; 
or  hy  heeding  two  parts  of  dry  yellow  prussiale  of  potash,  or  commer- 
cial potassic  ferrocyanide,  KiFeCyo,  with  three  parts  hy  weight  of  dnj 
HgCU. 

Cyanogen^  is  a colourless  gas,  of  peculiar  odour,  burning  with  a 

* The  compounds  which  the  radicals  cyanogen,  forro-  and  forrioyanogen,  etc., 
are  capable  of  forming  will  bo  treated  somewliat  more  fully,  since  a.  thorough 
understanding  of  the  various  reactions  is  necessary,  in  order  to  successfully 
analyse  cyanogen  compounds. 

f Cyanogen  gas  should  on  no  account  bo  prepared  unless  for  some  special 


SINGLE  CYANIDES. 


143 


beautiful  purple  or  peach-blossom  coloured  flame,  and  yieldino-  CO 
and  N.  The  gas  is  nearly  twice  as  heavy  as  air  (sp.  gr.  T8),  and 
since  water  dissolves  about  four  times  its  own  volume  it  must  be 
collected  over  mercury,  or  by  downward  displacement.  An  aqueous 
solution  decomposes  spontaneously  into  a variety  of  products 
When  the  gas  is  passed  through  a solution  of  caustic  potash  it  is 
absorbed  with  formation  of  potassic  cyanide  and  cyanate.  It  is  one 
of  the  few  gases  which  condense  to  a liquid  at  a moderate  pressure 
(o'D  atmospheres). 

All  cyanogen  compounds  when  ignited  in  an  ignition-tube  with 
excess  of  soda-hme,  give  up  the  whole  of  their  nitroo-en  as 
ammonia.  ° 


EEACTIONS  IN  THE  WET  WAT. 

The  ajanides  of  the  alhali  metals  and  allmline  earthy  metals 
are  soluble  m water,  the  former  readily,  the  latter  with  difficultv 
I he  cyanides  of  the  heavy  metals  are  insoluble  in  water,  with  the 
exception  of  HgCy^;  but  are  for  the  most  part  soluble  in  a solution 
ot  potassic  cyanide,  forming  soluble  double  cyanides,  which  are  fre- 
quently crystalline,  and  which  upon  ignition  are  decomposed  like 
single  cyanides,  ^.e.,  the  cyanide  of  the  heavy  metal  breaks  up  into 
metal  and  cyanogen,  or  metal,  carbon  (carbide  ?)  and  nitrogen, 

\Nhilst  the  alkaline  cyanide  is  not  decomposed,  and  can  be  dissolved 
out  from  the  residue.  ^loauiveu 

Tbe  following  is  a list  of  some  of  the  more  important  sino-le 
cyanides,  i.e.,  cyanides  which  contain  only  one  metal ; ° 

Potassic  cyanide,  soluble  in  water  .... 
sodic  „ „ ,,  ; ;;  ;; 

» difficultly  soluble  in  water . . BaCv, 

^incic  „ insoluble  in  water  ZnO-u 

Cadniic  „ „ " 

Nickelous  „ ,,  ” 

Cobaltous  ” 

Ferrous  ” C°Cy2 

Mercuric  ,,  soluble  in  water  

Argentic  „ insoluble  in  water  A.gCj 

wi+b  cyanides  are  readily  decomposed  by  acids 

it'll  evolution  of  liyd.rocv&nio  apiVl  • rtflToiici  ^ ^ 

the  existTncroflwolr  cyanides  shows  clearly 

existence  of  two  distinct  classes  of  double  cyanides,  viz. 

1st.  Double  cyanides  which  are  readily  decomposable  aivina  off 
hydrocyanic  acid,  when  heated  with  dilute  mineral^acids  ’ They^nof 
se.ss  an  alkaline  reaction  Their  ■ T ^ 

dilute  mineral  acids  into  HCrand  a th  n?  by 

into  a cyanide  of  the  heavy  Ltnl  1 ! 

with  the  liberated  HCy  • o^r  Se  I'atte  ' I’emains  in  combination 
J-ivy , or  the  latter  is  eyolved  and  the  metallic 

'„;7  »wi,.g  to  it.  fo„. 
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cjanide  is  precipitated;  or  both  cyanides  are  decomposed,  and  the 
whole  of  the  HOy  is  liberated,  e.g. : — 

(1)  KAgCya  + NO., Ho  = AgCy  + HCy  + NO,Ko. 

Precipitated. 

(2)  K,Zn"Cy4  + 4HC1  = ZnCl,  + 2KC1  + 4HCy. 

2nd.  Bouhle  cyanides  viliich  possess  a nevtral  reaction  and  give  off 
no  hydrocyanic  acid,  when  treated  with  dilute  hydrochloric  acid,  the 
negative  element  of  the  acid  forming  a salt  with  the  alhali  metal, 
whilst  the  hydrogen  or  positive  element,  by  uniting  with  the  re- 
maining elements,  forms  a new  acid  of  a more  complex  nature, 
thus : — 

KjFeCyo  -j-  4HC1  = Il4FeCy6  -h  4K01. 

Ily  d refer  I’oey  an  ic 
acid. 

ls.(jFe,Cyi2  6HC1  = HuFe.^Cyia  -p  6KC1. 

Ilydroferricyanic 

acid. 

KoCo,Cy,2  -P  GHCl  = H,Co.,Cy,2  + 6KC1. 

Ilydrocobaltieyanic 

acid. 

The  single,  ns  well  as  easily  decomposable  double  cyanides,  which  jdeld  hydro- 
cyanic acid,  when  treated  with  dilute  mineral  acids,  are  moreover  remarkable  for 
their  highly  poisonous  character,  whilst  these  lattei- — the  double  cyanides  con- 
taining a non-decomposablo  cyanogen  radical  {e.g.,ferrocijanoyen,  FeCy^,  cohalti- 
cyanoyen,  Co.^Cyi-,) — are  not  poisonous. 

It  is  obvious  that  all  these  complex  cyanogen  compounds — both  decomposable 
and  non-decoinposablt! — may  likewise  bo  viewed  as  double  cyanides. 

The  following  list*  contains  some  of  the  more  interesting  double  cyanides, 
i.e.,  cyajiides  containing  more  than  one  metal ; the  easily  decomposable  class 
being  indicated  by  a comma  placed  between  the  eyanogen  a7id  the  metal : — 


Dipotassic  zincic  tetracyanide  K2Zn,Cy4. 

„ cadmic  ,,  K2Cd,Cy4. 

,,  nickelous  „ K2Ni,Cy4. 

Potassic  argentic  dicyanide  KAg,Cy.2. 

„ aurous  „ KAu',Cy2. 

,,  auric  tetracyanide  KAu'",Cy4. 

Dipotassic  cuprous  tetracyanide  K2'Cu'2,Cy4. 

„ platinous  „ Iv2Pt",Cy4. 

Tetrapotassic  d'iplatinic  docacyanide  K4'Pt"'2,C’yio. 

,,  ferrous  hexacyanide  (potassic 

ievToejaaiAe,  yellow  prussiate)  K4Fe,Cyo. 

Hexapotassic  cliferric  dodecacyanide  (potassic 

ferricyanide,  red  prussiate) KcFe-^Cyi,. 

Hexapotassic  dicobaltic  dodecacyanide  (potas- 
sic cobalticyanide) Kf,Co2,Cyj2. 

Hexapotassic  dichromic  dodecacyanide KoCr.^Cyi,. 

„ dimanganio  „ IvoMn.^Gi,. 


If  the  different  deportment  of  these  double  cyanides  with  dilute  acids  and 


* Kckulo,  Lehrbuch  dcr  organischeu  Chemio,  I,  314. 
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■with  ferroso-ferric  salts  be  noticed,  the  easily  decomposable  double  cyanides 
giving,  from  an  acid  solution  a precipitate  of  Prussian  blue,  whilst  the  others 
— the  difficultly  decomposable  double  cyanides — yield  no  hydrocyanic  acid, 
when  treated  with  dilute  acids,  and  produce  (with  the  exception  of  the  ferro- 
and  ferricyanogen  compounds),  no  precipitate  of  Prussian  blue  with  ferroso-ferric 
salts  and  hydrochloric  acid,  it  becomes  evident  that  the  complex  groups  of  elements, 
ferrocganogen,  FeCyg,  ferricyanogen,  Fe^Cyij,  cohalticyanogen,  CooCyij,  etc., 
■which  behave  like  cyanogen*  may  likewise  be  viewed  as  compound  radicals,^  if 
by  this  term  is  denoted  a group  of  common  and  constant  constituents  found  in  a 
whole  aeries  of  compounds,  and  capable  of  replacing  multiples  of  Cl,  Br,  etc.,  in 
constant  atomic  proportions. 

It  is  possible  to  produce  by  double  decomposition  precipitates  with  soluble 
salts  of  almost  all  the  heavy  metals  in  which  the  potassium — or  positive  radipal — 
is  either  entirely  or  partially  exchanged  fOr  an  equivalent  quantity  of  a heavy 
metal,  whilst  the  negative  group  of  elements  remains  unaltered,  thus  : — 

E^FeCye  -t  SO3CU0"  = K.,Cu"FeCy6  + SO^Kos,  or 
K^FeCye  + 2SO2CU0"  = Cu^'aFeCye  + 2SO2K02. 

On  the  addition  of  an  alkaline  hydrate  or  carbonate,  the  whole  of  the  heavy 
metal  is  removed  as  hydrate,  with  formation  of  potassic  ferrocyanide. 

Easily  decomposable  soluble  double  cyanides  give  likewise  precipitates  with 
solutions  of  heavy  metals,  e.g., 

2KAgCy2  + SOjZno"  = Zn"Ag2Cy4  -1-  SOaKo, ; 

Precipitated. 

but  there  is  no  e-vidence  to  show  whether  these  precipitates  are  real  compoimds 
or  only  mixtures  of  two  insoluble  cyanides  ; nor  is  there  any  proof  that  alkaline 
hydrates  reproduce  the  original  double  cyanide.  Dilute  sulphuric  acid  decom- 
poses ZnCys  in  the  above  precipitate,  AgCy  being  left  behind  ; just  as  if  no  con- 
nection had  existed  between  the  two  cyanides.  Alkaline  hydrates  or  carbonates 
are  without  action  upon  easily  decomposable  cyanides.  A few  are  decomposed 
by  sulphuretted  hydrogen,  e.g.,  K2CdCy4,  KjHgCy^,  KAgCy2,  'with  isrecipitation 

a metal  he  sulphide ; in  others,  such  as  EoMnCy^,  K2NiCy4,  K2ZnCy4,  and 
E.2CuCy4,  the  metal  is  only  partially  precipitated  as  sulphide,'  whilst  K4Fe"Cvf 
and  K2C0  Cy4  are  not  precipitated  at  all. 

It  IS  evident  from  these  changes  that  easily  decomposable  and  difficultly 
de^mposable  double  cyanides  (ferro-,  ferri-,  cobalti-,  and  chromi-cyauides) 
i ^ “ their  chemical  structure  and  habitus,  as  in  the  degree  of 

stability  which  they  exhibit,  varying  -with  the  individual  nature  of  the  metal 
which  they  contain. 


A SOLUTION  OP  POTASSIC  CYANIDE,  KCy,  is  'Used. 

NOjAgo  gives  a permanent  white  curdy  precipitate  J of  argentic 
cyanide,  AgCy,  only,  when  more  than  INOjAgo  has  been  added  for 
every  2KCy.  The  precipitate  is  insoluble  in  dilute  nitric  acid, 
SO  uble  in  ammonic  hydrate,  sodic  hyposulphite,  and  potassic 
cyanide.  AgOy  resembles  AgCl  so  very  closely  that  special  experi- 
ments are  required  to  distinguish  it  from  the  latter,  or  to  detect 
hydrocyanic  acid  in  the  presence  of  a chloride. 


pound^ra^dical*^°°^^^^^  group  of  two  elements,  of  carbon  and  nitrogen,  or  a eoni- 

+ Compound  bodies,  containing  the  complex  radicals  ferro-,  ferri-,  etc., 
cyanogen  are  viewed  here  as  moleculiir  compounds,  and  no  constitutional  formidaj 
ave  een  a tempted,  although  it  would  not  be  difficult  to  assign  such  formulte 
o em,  I the  functions  wliich  the  carbon  and  nitrogen  atoms  play  in  these 
compounds  were  sufficiently  established. 

X HgCya  is  not  precipitated  by  argentic  nitrate. 
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This  may  be  done  (1)  by  boiling  with  dilate  HCl  ( or  less  readily 
witli  SO2H02),  when  HCy  is  evolved ; (2)  by  igniting  a mixture  of 
AgCl  and  AgCy,  which  has  been  entirely  freed  from  argentic  nitrate 
by  washing  with  hot  water,  when  AgOy  is  decomposed  into  cya- 
nogen, metallic  silver,  and  paracyanogen.  AgCl  fuses  without 
decomposition.  On  dissolving  the  residue  in  nitric  acid  and  filter- 
ing, a precipitate  of  AgCl  is  obtained,  on  the  addition  of  hydro- 
chloric acid,  or  a soluble  chloride,  the  silver  of  which  must  have 
been  present  originally  as  cyanide.  (Disths’Ction  between  HCl  and 

Dilute  mineral  acids  decompose  potassic  cyanide  readily  with 
evolution  of  HCy.  On  decomposing  a small  quantity  of  KCy 
by  dilute  sul])huric  acid  in  a small  porcelain  dish,  and  inverting 
another  small  dish,  containing  a drop  or  two  of  yellow  ammonic 
sulphide,  over  it,  the  gaseous  hydrocyanic  acid,  acting  upon  the 
ammonic  sulphide,  forms  ammonic  sulphocyanate,  CyAms,  and 
AmHs,  thus : — 

S-Ama  -h  HCy  = CyAms  -f  AmHs, 

which  gives,  on  acidulating  with  hydrochloric  acid,  a characteristic 
blood-red  coloration  with  FeaCh. 

This  constitutes  one  of  the  most  delicate  reactions  for  free  hydro- 
cyanic acid,  as  well  as  for  soluble  or  easily  decomioosable  cyanides. 

SOaCuo",  to  which  a solution  of  SOH02  has  been  added,  gives 
with  KCy  a white  precipitate  of  ciu»ruus  cysuiiiic,  'C'u'2Cy2,  soluble 
in  potassic  cyanide  (K'2Cu'2Cy,i). 

NjOiUgvo"  gives  a rjrey  precipitate  of  metallic  mercury,  whilst 
HgCy2  remains  in  solution,  thus  : — 

'Hg'2Cy2  = Hg  -f-  HgCy2. 

Iron  salts  are  among  the  most  delicate  reagents  for  hydrocyanic 
acid,  or  for  soluble  cyanides,  on  account  of  their  tendency  especially 
in  the  presence  of  potassic  hydrate,  to  form  difficulty  decomposable 
double  cyanides  (containing  the  compound  acid  radicals  ferro-  and 
ferri-cyauogen),  which  are  of  a characteristic  blue  colour.  (Hence 
the  name  cyanogen,  from  kvovo^,  blue,  and  yewdu,  1 generate.)  The 
solution  containing  hydrocyanic  acid,  or  a soluble  cyanide,  is  first 
treated  with  a little  potassic  hydrate,  then  with  a mixture  of  a ferrous 
and  ferric  salt  (obtained  by  exposing  a solution  of  ferrous  sulphate 
for  some  time  to  the  air),  and  heated.  On  the  addition  of  dilute 
hydrochloric  acid,  in  order  to  dissolve  the  ferrous  and  ferric  hydrates, 
precipitated  by  the  potassic  hydrate,  a fine  blue  precipitate,  or  in 
the  ca.se  of  a trace  of  HCy  only,  a yreen  suspension  of  Prussian  blue 
is  obtained.  The  changes  may  be  expressed  by  the  equations — 

(1)  KHo  -1-  HCy  = KCy  + OH2. 

(2)  S02Feo"  -1-  2KCy  = Fe^Cya*  -h  SUjKo... 

* FeCv2  is  difficultly  obtained  in  an  isolated  condition,  ns  it  forms  in  the 
nresence  of  RCy  potassic  ferrocyanidc,  X^FeCjo.  containing  the  coinpoimd 
cyanogen  radical  FeCyo.  ’"hicli  in  its  tiun  reacts  upon  the  feme  salt. 
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FeCjo,  by  combining  with  4KCy,  forms  the  soluble  double 
cyanide  KiFeCye- 

(3)  2S30eFe20^  + SK.FeCye  = 3Fe"Cyo,2'Fe'"2Cy6  + 6SO,Ko2. 

Free  hydrocyanic  acid  dissolTcs  mercuiic  oxide,  with  formation  of  mercuric 
cyanide,  which  is  not  precipitated  by  alkahes.  HgCy2  exliibits  considerable 
stabihty,  compared  with  other  cyanogen  compounds.  Boiling  dilute  SOoHoj 
does  not  decompose  it.  HCl  breaks  it  up  in  HeCL  and  HCy.  Wlien  SH2  is 
passed  through  its  aqueous  solution  it  is  decomposed  into  Hg-S  and  HCy. 

The  alkali  salts  of  the  compound  cyanogen  radicals.  FeCyg,  Fe2Cyi2,  Co2Cyi2, 
are  decomposed  by  moderately  concentrated  sidphiirio  acid  with  evolution  of 
hydrocyanic  acid. 

This  furnishes  a convenient  method  for  preparing  a solution  of  hydrocyanic 
acid.  Ten  parts  by  weight  of  K4FeCy6  (yellow  prussiate  of  potash)  are  distilled 
in  a flask  or  retort  with  36  to  40  parts  of  dilute  sulphuric  acid  (one  of  acid  to  six 
of  water).  The  flask  or  retort  is  connected  with  a Liebig’s  condenser  and  double- 
necked receiver,  from  which  any  uncondensed  gas  can  be  carried  under  a Bunsen 
lamp,  and  burnt.  Evei’y  joint  should  be  perfectly  tight,  and  the  condenser- 
tube  shoidd  dip  into  the  water  placed  in  the  receiver.  The  reaction  takes  place 
according  to  the  equation — 

2K4FeCy6  -1-  3SO2H02  = 6HCy  + K2Fe"FeCy6  -I-  3SO2K02. 

White  residue 
turning  blue  by  exposure 
to  the  atmosphere. 

A solution  of  HCy,  in  water  or  alcohol,  when  left  to  itself,  undergoes  spon- 
taneous decomposition,  giving  rise  to  the  formation  of  several  complex  organic 
bodies,  amnionic  formate,  &c.  A few  drops  of  a mineral  acid  (SO2H02  dilute) 
added  to  the  aqueous  solution  retards  this  decomposition  considerably. 

Hydrocyanic  acid  is  exceedingly  poisonous.  Small  quantities  of  the  gaseous 
acid,  when  inhaled,  cause  a peculiar  sensation  in  the  throat,  and  are  followed  by 
headache,  giddiness,  and  other  disagreeable  symptoms.  Great  care  must 
therefore  be  taken  in  operating  with  HCy,  as  for  instance,  on  pouring  it  from 
one  vessel  to  another,  or  with  cyanogen  compounds  generally,  and  for  the  pur- 
poses of  analysis  small  quantities  only  should  be  operated  upon  at  a time. 


HYDROPERROCYANIC  ACID,  HiFeCye.— This  acid  is 
tetrabasic,  i.e.,  its  four  hydrogen  atoms  can  be  replaced  by  four 
atoms  of  a monad  or  two  atoms  of  a dyad  metal.  The  potassium 
salt  is  prepared  on  a manufacturing  scale  by  introducing  nitrogenous 
animal  substances  (horn-shavings,  etc.)  and  iron  into  fused  wood- 
ashes.  The  fused  mass  is  lixiviated  with  water  and  the  salt  allowed 
to  crystallize  out.  It  may  also  be  prepared  by  decomposing  Prussian 
blue  with  KHo  or  COK02  and  separating  the  ferric  hydrate  by 
filtration,  thus: — 

3Fe"Cy2,2Te'"2Cy„  + 12KHo  = 3K4FeCye  + 2Fe2Hoe. 

Potassic  ferrocyanide,  KiFeCye  -p  3Aq,  crystallizes  in  large 
lemon-yellow  crystals ; hence  its  name  yellow  prussiate  of  potash. 
Its  positive  element  (potassium)  can,  by  double  decomposition, 
be  replaced  by  other  metals,  either  entirely  or  partially,  and  the 
property  of  cyanogen  to  form  double  cyanides  is  well  illustrated 
by  the  deportment  of  the  more  comjjlex  ferrocyanides.  This  will 
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be  seen  from  tbe  following 
ferrocyauides  : — 

K4FeCyr,  + 3Aq. 

Na4FeCy(j  + 6Aq. 

Am^FeCvg  + 3Aq. 

+ 6Aq, 
KoBa"FeCy3  + 3Aq. 

Ca"2FeC\'5  + 12Aq. 


list  of  some  of  tbe  more  common 


K;Ca"FeCj6  + 3Aq. 
CuoFeCjo  + 4Aq, 
K2Cu"FeCv6  + 2Aq. 

E2Fe"FeCyo. 
NaKjFeCye  + 3Aq. 
AmK3FeCyo  + 3Aq. 


EEACTIONS  IN  THE  DRY  WAY. 

KjFeCje  fuses,  when  strongly  ignited,  and  breaks  up  into  nitro- 
gen, potassic  cyanide,  and  cai’bide  of  iron,  or  a mixture  of  carbon 
and  iron,  thus  : — 

K4FeCyo  = 4KCy  -I-  C2Fe  + Nj. 

Heated  witb  free  access  of  air,  or  in  contact  witb  metallic  oxides, 
tbe  KCy  is  further  converted  into  potassic  cyanate,  CyKo. 


REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  POTASSIC  PERROCYANiDE  may  be  used. 

The  alkaline  ferroci/amdes  are  readily  soluble  in  water ^ the  alkaline 
earthy  ferrocyanides  are  dijjicultly  soluble  ; those  of  iron  and  most 
other  metals  are  insoluble  in  water,  and  many  of  them  also  insoluble  in 
acids.  They  are  decomposed  on  boiling  witb  potassic  bydratewitb 
formation  of  a solution  of  potassic  fei'rocyanide,  and  an  insoluble 
metallic  hydrate.  Some  ferrocyanides  are  remarkable  for  their 
characteristic  colour,  notably  so  those  of  iron  and  copper ; others 
are  white,  e.y.,  those  of  the  alkaline  earthy  metals,  of  Zn,  Pb,  Ag, 
Hg  : greenisli-white,  e.g.,  Ni"2FeCy8,Co'''2FcCyo ; reddish-white,  e.g., 
MA'aFeCya.  Potassic  ferrocyanide  is  employed,  on  this  account,  as 
a useful  reagent  in  the  qualitative  examination  of  metals,  especially 
of  iron  and  copper. 

N O2 Ago  produces  a Wtite  precipitate  of  argentic  ferrocyanide, 
Ag4FeCyo,  insoluble  in  dilute  nitric  acid  and  ammonic  hydrate, 
soluble  in  potassic  cyanide. 

SOjCuo",  added  in  excess,  gives  with  a solution  of  K4FeCyoarefZ 
(^cJiocolate-coloiored)  precipitate  of  dlcupric  ferrocyanide,  Cu"2PeCya, 
whilst  an  insufficient  amount  of  the  cupric  salt  gives  a brown  jire- 
cipitate  of  dipotassic  cupric  ferrocyanide,  K2Cu"FeCyo. 

S02Peo"  gives  a light  blue  precipitate  of  dipotassic  ferrous  ferro- 
cyanide, K2Fe^^FeCya,  thus : — 

KiFeCya  + SOaPeo"  = K2Pe"FeCya  + SO2K02, 

which  is  slowly  oxidized  by  exposure  to  the  air,  or  rapidly,  by 
oxidizing  agents,  such  as  nitric  acid,  or  chlorine  water : a part  of 
the  potassium  being  removed  as  oxide,  or  chloride,  thus : — 

2Fe^^K2FeCyo  ■}■  CI2  = he  ^2K2Fe2Cyi2  -j-  2KC1, 

Light  blue  Diferrous  dipotassic 

precipitate.  forricyanide. 
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oi’  potassic  ferricyanide  in  wliicli  four  atoms  of  potassium  have 
been  replaced  by  two  atoms  of  dyad  iron. 

Potassic  ferrocyanide  is,  in  fact,  readily  converted  into  potassic 
fen-icy anide,  K6Fe2Cyi3  (analogous  to  the  conversion  of  ferrous  salts 
into  ferric  salts),  by  various  oxidizing  agents,  such  as  chlorine, 
nitric  acid,  potassic  chlorate  and  hydrochloric  acid,  etc. 

PCoCle  gives  an  intensely  hlue  precipitate  of  3Pe"Cy3,2'Fe"'2Cy6, 
called  Pru.ssiaii  blue,  thus ; — 

3K4FeCy6  + Fe,Ck  = 3Fe"Cy2,2'Fe'"2Cy6  + 12KC1, 

which  constitutes  at  once  a most  characteristic  and  delicate  reaction 
for  ferric  salts  and  for  ferrocyanogen  (as  ■well  as  for  cyanogen,  as 
has  been  already  shown).  This  precipitate  is  insoluble  in  dilute 
mineral  acids,  but  dissolves  in  oxalic  acid  to  a blue  liquid  (blue  ink), 
and  in  ammonic  tartrate  to  a violet  liquid.  It  is  decomposed  by 
caustic  alkalies,  as  -well  as  by  calcic  and  even  more  readily  and 
completely  by  magnesic  carbonate  {magnesite).  On  boiling  with 
mercuric  oxide,  Prussian  bine  is  entirely  decomposed  into  HgCy2 
and  ferrous  and  ferric  oxides,  thus  : — 

3Fe"Cy2,2'Fe"'2Cy«  + 9HgO  = 9HgCy2  + 3FeO  + 2P6203. 

By  adding  an  insufficient  amount  of  Pe2Clg  to  a solution  of  E4PeCy6,  a blue 
precipitate  is  likewise  obtained,  which  is,  however,  soluble  in  water,  and  is  there- 
fore called  soluble  Prussian  blue  (used  for  inks).  It  is  generally  thought  to  be 
composed  of  one  part  of  Prussian  blue  and  one  of  potassic  ferrocyanide. 

Concentrated  sulphuric  acid  (about  10  parts  by  -weight)  decom- 
poses potassic  ferrocyanide  (1  part  by  -weight  of  the  dry  salt),  with 
evolution  of  carbonic  oxide  (method  for  preparing  carbonic  oxide)  ; 
the  nitrogen  of  the  cyanogen,  being  converted  into  ammonia,  is  left 
as  ammonic  sulphate,  thus  : — 

K4FeCye  + 6SO2H02  -f  6OH2  = 6CO  + 2SO2K02  + S02Feo" 

-|-  3S02Amo2. 

When  concentrated  hydrochloric  acid  is  added  to  an  alkaline  ferrocyanide, 
hydroferrocyanic  acid  separates  in  the  cold,  as  a white  crystalline  powder,  which 
turns  rapidly  blue.  If  ether  be  added  to  the  solution  of  potassic  ferrocyanide, 
previous  to  its  precipitation  -with  concentrated  hydrochloric  acid,  the  acid  is 
obtained  quite  colourless. 


HYDROFERRICYANIC  ACID,  HeFeoCy,,.— Tliis  acid  is 
hexahasic,  since  its  six  atoms  of  hydrogen  may  be  replaced  by  six 
atoms  of  a monad  metal,  or  by  three  atoms  of  a dyad  metal. 
Potassic  ferricyanide  is  derived  from  K4FeCy6  by  a process  of 
oxidation,  as,  tor  instance,  by  passing  chlorine  into  an  aqueous  so- 
lution ot  it,  till  a solution  of  ferric  chloride  produces  no  longer  a 
blue  precipitate,  but  imparts  merely  a brown  coloration  to  the 
liquid,  ihe  change  is  expressed  by  the  equation  : — 

2K4FeCya  + CI2  = KaFejCyw  + 2KCI. 
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It  is  efPected  by  tbe  abstraction  of  two  atoms  of  tbe  metal  potassium 
from  two  parts  of  KjFeCyG.  Two  atoms  of  cyanogen  are  transferred 
to  two  molecules  of  FeCya,  whereby  tbe  ferrous  cyanide  is  converted 
into  ferric  cyanide. 

It  is  also  called  red  prussiate  of  potash,  on  account  of  tbe  dark 
red  coloured  crystals,  wbicb  it  gives  by  crystallization. 

Reducing  agents  convert  it  into  potassic  ferrocyanide,  especially 
in  alkaline  solutions.  Tbe  transformation  is  effected  by  the  addition 
of  two  atoms  of  tbe  metal  potassium.  Tbe  ferric  cyanide  in  tbe 
double  cyanide  is  reduced  to  ferrous  cyanide,  thus  : — 

6KCy,'Fe"',Cyo  + Ko  = 8KOy,2Fe"Cy2,  or  2(4KCy,Fe0y2) 

= 2K4FeCyo. 

Tbe  following  are  instances  of  indirect  oxidation  effected  by 
potassic  ferricyauide  : — 

Sllj  converts  the  ferri-  into  a ferrocyanide,  ■vvitli  separation  of  sulphur, 

KI  „ „ „ with  precipitation  of  iodine, 


Cr.jO.,, 

or  its  salts,  in  the  presence 

of  Kilo, 

is  converted  into  CrOs, 

PbO 

}}  }} 

>) 

PbOo, 

MnO 

)f  )> 

tt 

tt 

Mudj, 

SnO 

it 

it 

SnOa, 

CUlfo 

COUo 

it 

it 

it 

CO2, 

XCy 

tt 

it 

it 

CyKo, 

P2O3 

tt 

tt 

it 

FA, 

SO2 

» 

tt 

it 

SO3. 

NHj  gives  with  KoFeaCyi?  potassic  and  ammonic  fei’rocyanides 
witb  evolution  of  nitrogen  gas,  thus  : — 

6K<,Fe,Cyi2  + I6NH3  = OKaFeCyo  + .SAmiFeCys  + N4. 

Many  organic  substances,  e.g.,  sugar,  dextrine,  starch,  alcohol, 
and  even  pa])er,  are  oxidized,  in  the  presence  of  an  alkali,  to  CO2 
and  OHj.  Indigo  is  bleached.  Phosphorus,  sulphur,  and  iodine 
are  converted  by  the  action  of  KoFe^Cyia,  in  tbe  presence  of  alkalies, 

into  POH03,  SO2H02,  I q2q. 

Analogous  to  potassic  ferrocyanide,  ferricyanogen  forms  double 
ferricyanides,  by  the  partial  or  entire  replacement  of  the  six  atoms  of 
the  positive  element,  potassium,  by  different  metals.  The  following 
are  some  of  the  more  important  metallic  ferricyanides : — 

KsFeoCyis  Ba"2K2Pe2Cyio  + 3Aq. 

NacFesOyio  + Aq.  Fe"3Fe2Cy  12  (Turnbull’s  blue). 

Ca"3Fe2Cyi2  + 6Aq. 

REACTIONS  IN  THE  DRY  WAT. 

Potassic  ferricyauide  is  decomposed  upon  ignition,  yielding 
evanogen  and  nitrogen,  and  leaving  a residue,  consisling  of  potassic 
cyanifle,  potassic  ferrocyanide,  Prussian  blue,  paracyanogen,  carbon 
and  iron. 
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KEACTIONS  IN  THE  WET  WAT. 

A SOLUTION  OF  POTASSic  FERiucTANfDE  may  be  usecl. 

The  alkaline  ferricyanides  are  readily  soluble  in  watefr.  The  others 
are  mostly  insoluble. 

NOoAito  produces  an  orange  coloured  precipitate  of  arpcntic  ferrl- 
cyaiiide,  Ag6i'e2Cyi2,  insoluble  in  dilute  nitric  acid,  but  readily  solu- 
ble in  ammonic  hydrate,  and  potassic  cyanide. 

SOjFeo”  gives  a blue  precipitate  (TMrn&^(Z^’.s  bltte)  of  Fe"3Fe2Cyi2, 
trlfcrrous  ferrlcyaniile,  which  is  decomposed  by  potassic  hydrate  into 
potassic  ferrocyanide  and  ferroso-  ferric  hydrate  : — 

Fe"3Fe2Cy,2  + 8KHo  = 2K4FeCy6  + Fe304,4OH3. 

Fe.jCIs  prodnces  no  precipitate,  but  gives  a brownish  coloration. 
The  deportment  of  potassic  ferro-  and  ferricyanide  loith  iron  salts  dis- 
tinguishes between  ferrous  and  ferric  salts. 


H YBIIOCOBALTICYANIC  ACIB,  H,;'Co"'2Cy,2. — Solutions  of  cobaltous 
salts  are  precipitated  by  KCy.  The  precipitate  consists  of  flesh-coloured  or 
cinnamon- brown  cobaltous  cyanide,  CoCy^.  Excess  of  potassic  cyanide  dissolves 
the  precipitate,  forming  a readily  decomposable  double  cyanide,  which,  on 
boiling,  or  on  the  addition  of  1101,  is  converted  into  a diflicultly  decomposable 
double  cyanide,  analogous  to  potassic  ferricyanide,  with  evolution  of  hydrogen, 
thus  : — 

2(4KCy,CoCyo)  + 2OH2  = KoCojOyia  -I-  2Xno  -I-  Ha. 

Potassic  cobalti- 
cyanide. 

This  double  cyanide  is  of  great  interest,  being  a means  of  separation  of  cobalt 
from  nickel,  both  qualitatively  and  quantitatively. 


CYANIC  ACID,  CyHo. — Obtained  in  the  form  of  potassic  cyanate  by  the 
oxidation  of  KOy  or  K4FeUy6.  This  salt  is  very  stable  when  heated  by  itself, 
but  dehquesces  in  the  air,  and  is  broken  up  by  water  into  an  acid  carbonate  and 
ammonia,  thus  : — 

CyKo  + 2OH3  = COHoKo  -t  NH3. 

Potassic  cyanate  is  invariably  found  in  commercial  potassic  cyanide,  some- 
times to  a considerable  extent. 

KEACTIONS  IN  TUE  DET  WAT. 

It  acts  as  a flux  in  the  blowpipe  reactions,  and  is  a powerful  oxidizing  agent. 
When  heated  with  charcoal,  it  is  converted  into  ECy,  CO,  and  COj.  On  heating, 
therefore,  a metallic  oxide  on  charcoal,  with  EC'y  containing  CyKo,  the  oxide  is 
reduced  to  the  metallic  state.  ^ 

KEACTIONS  IN  TUE  WET  WAT. 

The  cyanates  of  the  alkalies,  alkaline  earths,  and  a few  metallic  oxides  are 
soluble  in  water,  but  decompose  rapidly  with  evolution  of  ammonia.  The  cyan- 
ates of  silver,  lead,  mercurosum,  cupricum,  are  insoluble  in  water. 

N02Ago  produces  with  potassic  cyanate  a while  precipitate  of  argentic 
cyanate,  CyAgo,  soluble  in  ammonic  hydrate,  and  in  dilute  nitric  acid  ; AgCy  is 
insoluble  in  nitric  acid. 

Moderately  concentrated  sulphuric  or  hydrocliloric  acid  decomposes  CyKo 
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with  effervescence,  owing  to  the  liberation  of  CyHo,  which  affects  the  eyes  most 
painfully,  and  is  recognized  by  its  pungent  odour,  resembhng  that  of  strong  acetic 
acid  ; the  greater  portion  of  the  liberated  acid  is,  however,  decomposed  at  once 
by  water  into  CO2,  and  an  ammouic  salt,  thus  ; — 

2CyKo  + 2SOono2  + 20H.,  = 2CO2  + SO0K03  + SOoAmoj, 

and  it  is  by  testing  for  ammonia,  by  means  of  caustic  lime,  that  its  presence  can 
be  shown. 


SUMMIOCYAMC  ACIIl.Cylls  . — Obtained  in  combination  with  potassium 
by  lieating  KCy  with  sulphur  or  a metallic  suljshide.  Hence  the  usefulness  of 
potassic  cyanide  for  reducing  metallic  sulphides  in  blowpipe  reactions. 

MEACTIONS  IN  THE  DllY  WA.T. 

CyKs  can  bo  fused  out  of  contact  with  the  air,  without  undergoing  decom- 
position. It  luiTs  first  brown,  tlien  green,  and  lastly  indigo  blue,  but  becomes 
again  colourless  on  cooling.  In  contact  with  tlio  air,  OyKs  is  converted  into 
cynnato  and  sul]ihato,  with  disengagement  of  SO2.  Tlie  sulphocyanates  of  the 
lieavy  metals  are  decomposed  upon  ignition,  CSo  being  given  off  at  first,  and  on 
niising  the  temperature  a mixture  of  nitrogen  and  cyanogen  is  ■ evolved,  whilst 
a metallic  sulphide  is  left : — 

4^>'Cus"  = N2  -1-  3 j -t-  2CSo  4CuS. 


KEACTIONS  IN  THE  WET  WAY. 


A SOEETION  OF  AM.MONic  sui.piioCYANATE,  CyAms,  is  used. 

NO.^Ago  produces  a white  rurdii  ])recipitate  of  ju’B'catlc  ^!>uI|llIncyallatc, 
CyAgs,  insoluble  in  water  and  in  dilute  acids  ; it  is  soluble  in  amnionic  hydi’ate, 
from  which  it  crystalliEes  out  on  evaporation.  It  is  also  soluble  in  CyAms  or 
CyKs,  forming  a double  sulphocyanato  .(CyAgs,  CyKs),  from  which  water  or 
hydrochloric  acid  precipitates  granular — amnionic  hydrate,  crystalline  CyAgs. 

SOjCuo"  gives  a black  crystalline  precipitate  of  cupric  siilpliucyaiiatc. 


Cy 


I^Cus",  which,  on  standing  in  the  liquid  is  converted  into  cuprous  sulplio- 
This  characteristic  cuprous  salt  is  obtained  instantly  by 


Cy  ^ 

cyaiiatc,  q^Cu2s". 

adding  SOII02,  or  a solution  of  a ferrous  salt  to  the  cuiiric  salt. 

PeoClg  produces  an  intensely  red  solution,  owing  to  the  formation  of  a soluble 
ferric  sulpliocyaiiate,  Cyr,Fe2S’'.  Alkaline  sulphocyanates  are  most  delicate 
reagents  for  ferric  salts.  This  reaction  serves  also  for  the  detection  of  sulpho- 
eyanogen  and  hydrocyanic  acid.  The  blood-red  colour  is  destroyed  by  Hg-CL. 
On  introducing  some  metallic  zinc  into  the  blood-red  solution,  SH2  is  evolved. 


QUESTIONS  AND  EXEKCISES. 

1.  How  are  KCy  and  K^FeCyo  prepared  ? 

2.  Explain  the  action  of  heat  upon  KCy  and  K^FeCy^,  1st,  out  of  contact  with 

air  ; 2nd,  with  free  access  of  air. 

3.  What  constitutes  the  usefulness  of  KCy  as  a reagent  for  blowpipe  experi- 

ments ? 

4.  Explain  the  changes  which  c^'anides  of  the  heavy  metals  undergo  upon 

ignition.  ^ 

5.  How  would  you  prepare  cyanogen  gas  ? Describe  its  pi-operties. 

G.  Classify  cyanides  according  to  their  solubility  in  water.  Enumerate  some  of 
the  more  important  single  cyanides. 

7.  Explain  the  action  of  dilute  acids  upou  single  cyanides  and  upon  easily 
decomposable  double  cyanides. 
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8.  Explain  the  action  of  SH2  upon  the  following  cyanides  and  double 

cyanides : Hg’Cy2,  EoCdCy4,  KAgCy2,  lx2^i^C'y4,  K2CuCy4,  K2C'oCy4, 
K2NiCy4. 

9.  How  is  AgOy  distinguished  from  AgCl  ? 

10.  Describe  the  action  of  HCy  upon  S2Ain2,  and  explain  how  traces  of  HCy  can 

be  detected  in  the  presence  of  ferro-  or  ferricyanogen  compounds. 

11.  Explain  the  use  of  ferroso-ferric  salts  for  the  detection  of  HCy. 

12.  How  is  HCy  prepared  Describe  its  properties. 

13.  How  coidd  you  examuie  a ferrocyanide  insoluble  in  acids,  e.g.,  Prussian 

blue  1 

14.  Explain  the  action  of  KHo  upon  Prussian  blue  and  upon  Turnbull's  blue. 

15.  Explain  what  reactions  ferrous  aud  ferric  salts  give  with  ferro-  and  ferri- 

cyanides. 

16.  Explain  the  formation  of  soluble  Prussian  blue. 

17.  What  is  the  action  of  dilute  or  of  concentrated  sulphuric  acid  upon  potassic 

ferrocyanide  ? • 

18.  Explain  the  conversion  of  potassic  ferro-  into  ferricyanide. 

19.  Q-ive  instances  of  the  oxidizing  action  of  potassic  ferricyanide  in  alkaline 

solutions. 

20.  How  can  argentic  ferro-  and  ferricyanides  be  separated  from  each  other  .5* 

21.  How  is  CyHo  recognized  in  the  presence  of  a cyanide  ? 

22.  "WTiat  is  the  action  of  concentrated  SO2H02  upon  a cyanate  ? 

23.  Explain  the  formation  of  potassic  sulphocyanate,  and  state  what  change  it 

undergoes  when  heated  in  contact  with  air. 

24.  Why  does  potassic  sulphocyanate  enable  us  to  distinguish  between  ferrous 

and  ferric  salts  ? 


25.  Calculate  the  percentage  composition  of  cuprous  sulphocyanate, 


Chapter  VIII. 

REACTIONS  OP  THE  ACIDS. 

B.  Organic  Acids. 

Most  organic  acids  cannot  be  distinguished  qualitatively  as  readily 
as  inorganic  acids.  A few  of  the  more  generally  occurring  acids 
which  can  be  readily  detected,  claim  a short  notice. 

The  greater  number  of  organic  acids  consist  of  carbon,  hydro- 
gen, and  oxygen  ; some  also  contain  nitrogen.  There  is  no  organic 
acid  known  containing  only  two  single  atoms  of  an  element,  and 
only  one  containing  three,  viz.,  hydrocyanic  acid,  HCN  ; whilst  the 
number  of  atoms  in  a molecule  of  most  organic  acids,  as  for  in- 
stance in  stearic  acid,  CigHjoOa,  is  far  greater 'than  in  any  inorganic 
compound. 

The  element  with  which  oxygen,  hydrogen,  and  nitrogen  are 
grouped  in  organic  acids  is  carbon,  which  in  most  cases,  probably  in 
all,  acts  as  a tetrad  element.* 

Groups  of  elements  performing  similar  functions  in  organic  acids, 
and  built  up  invariably  in  the  same  number,  are  called  com.pound 
organic  radicals. 


* Frankland  : Lecture  Notes,  vol.  ii,  page  2. 
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All  organic  acids  contain  at  least  one  negative  group,  containing 
a replaceable  hydrogen  atom,  of  the  form  — CO. OH  (carboxyl), 

COOH 

the  molecule  of  which,  | , constitutes  oxalic  acid,  a body  re- 

COOH 

suiting  from  the  oxidation  of  a large  number  of  organic  bodies,  e.g., 
sugar,  woody  fibre,  etc.,  by  the  action  of  powerful  oxidizing  agents, 
such  as  concentrated  nitric  acid,  and  is,  on  further  oxidation,  re- 
solved itself  into  the  products  of  the  final  oxidation  of  everything 
organic,  viz.,  carbonic  anhydride  and  water. 

Heat  breaks  up  nearly  all  salts  of  organic  acids.  Those  of 
alkaline  and  alkaline  earthy  bases,  leave  upon  gentle  ignition  car- 
bonates, with  separation  of  carbon,  and  consequent  blackening, 
oxalates  excepted.  The  carbonaceous  residue  being  soluble  in  water, 
indicates  that  the  organic  acid  wa.s  combined  with  alkali  metals,  and 
if  insoluble,  with  alkaline  earthy  bases.  The  decomposition  is,  more- 
over, accompanied  in  most  instances  by  the  evolution  of  volatile 
matter,  of  carbonic  oxide  and  hydi’ocarbons,  empyreumatic  vapours 
and  oils. 

In  the  free  state  organic  acids  are  either  volatile,  and  can  be 
distilled  or  sublimed,  generally  without  undergoing  decomposition 
and  without  leaving  any  carbonaceous  residue,  as  for  instance, 
formic  acid,  and  its  honiologues  acetic  acid,  etc>  (or  the  acids  of  the 
fatty  series)  ; benzoic  acid  and  others,  belonging  to  the  series  of 
aromatic  organic  acids.  These  acids  can  be  removed  from  any  of 
their  saline  compounds  by  decomposition  with  dilute  sulphuric 
acid.  Other  organic  acids  are  non-volatile,  and  are  decomposed 
when  heated  by  themselves,  leaving  a carbonaceous  residue ; and 
the  acids  cannot  be  removed  from  their  salts  by  distillation  with 
sulphuric  acid. 


FORMIC  ACID,  I cOHo' — Obtained  in  a great  many  chemi- 
cal reactions,  as  a product  of  oxidation  or  decomposition.  It  is 
usually  prepared  by  heating  a mixture  of  equal  weights  of  crystallized 
oxalic  acid  and  glycerine  to  75“  0.,  and  distilling  with  water — 


COHo  _ /H  . 

COHo  ~ 1 COHo  "b 

Anhydrous  formic  acid  distibs  at  100°  C.  It  is  of  interest,  as  being 
the  lowest  possible  acid  in  the  series  of  fatty  acids,  being  derived 
from  methane,  CH4,  by  the  substitution  of  three  hydrogen  atoms, 
thus : 

H.C  = 0 

I 

O.H. 

I3y  a successive  increment  of  CH3,  or  by  substituting  for  H 
the  positive  element  in  formic  acid— successively  semi-molecules  of 
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the  compound  organic  radicals,  methyl,  CH3,  ethyl,  C2H5,  etc.,  the 
whole  series  of  fatty  acids  can  be  obtained,  thus  : 


Formic  acid 


Acetic  acid 


Propionic  acid 


Butyric  acid 


Stearic  acid 


fH 

\COHo 


CH.2  or 
COHO  *- 


CH, 

COHo 


CH2 
CH. 


COHo 


/ C.HI, 
\COHo 


O 

II 

H— C— 0— H 
H O 

H— C— C— 0— II 

I 

H 

H H O 

I I II 

H— C— C— C— 0— IT 

I I 

H H 


fH 


CH2 


<;  CHj  or 


I CH2 

LCOHo 


/C3H, 

\COHo 


H 

(CH2)„ 

COHo 


or 


/ CnH^a 
\COHo 


The  lower  members  of  the  series  of  fatty  acids  dissolve  freely  in 
water,  whilst  the  more  complex  fatty  acids,  with  largely  increased 
molecular  weights — to  mention  only  stearic  acid — are  quite  insoluble 
in  water.  Those  containing  more  than  three  atoms  of  carbon  per 
molecule  exhibit  a number  of  isomeric  modifications,  as  yet  more  or 
less  imperfectly  studied. 


EEACTIONS  IN  THE  DET  WAY. 

Formates  of  the  fixed  alkalies  and  alkaline  earthy  bases,  when 
heated  out  of  contact  with  air,  are  decomposed  into  carbonates,  and 
a little  carbon,  with  disengagement  of  combustible  gases — mainly 
carbonic  oxide  and  hydrogen.  Formates  of  the  heavy  metals  give 
off  COj,  CO,  and  OHj,  leaving  the  metal  (generally  mixed  with  a 
little  carbon). 

EEACTIONS  IN  THE  WET  WAY. 


A SOLUTION  OF  some  FOEMATE,  | is  USed. 

All  formates  are  soluble  in  water ; some  also  in  alcohol. 

Formic  acid  and  formates  are  readily  recognized  by  their  pro- 
perty of  reducing  salts  of  the  noble  metals,  e.g.,  AuCh,  NO^Ago, 
N204Hg2o",  or  HgCla,  to  the  metallic  state,  with  evolution  of  car- 
bonic anhydride. 

Potassic  permanganate  is  likewise  deoxidized  by  formic  acid. 
Formic  acid  or  a formate,  when  heated  with  a solution  of 
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potassic  dichromate  and  oil  of  vitriol,  is  broken  up,  with  evolution 
of  COj. 

This  reducing  action  distinguishes  formic  acid  from  acetic  acid  and 
some  of  its  homologues. 

When  heated  with  concentrated  sulphuric  acid,  formic  acid  and 
formates  are  broken  up  into  water  and  carbonic  oxide,  which  latter 
burns  with  a fine  blue  flame.  (Method  of  i’reparing  carbonic  oxide 
GAS.)  The  mixture  does  not  blacken.  The  decomposition  is  expressed 
thus : — 

{ COHo  + SO2H02  = CO  + SO2H02  + OH2. 


ACETIC  ACID  (Vinegar),  — Obtained  either  by  the 

oxidation  of  alcohol,  thus  : — 

/CHa  +OH 

or  by  the  destructive  distillation  of  vegetable  substances,  especially 
of  wood.  Eure  acetic  acid  boUs  at  118°  C.,  termed  glacial  acetic  acid, 
and  is  prepared  by  decomposing  dry  sodic  acetate  (5  parts  by 
w'eight)  Avitb  concentrated  sulphuric  acid  (6  parts  by  weight).  The 
crude  acid  is  placed  over  MnO.^,  in  order  to  destroy  any  SO2,  and 
rectified  by  distillation  over  a little  sodic  acetate. 

REACTIONS  IN  THE  DRY  WAY. 

Acetates  are  decomposed  upon  ignition,  yielding  an  inflammable 

f CH 

volatile  liquid  called  acetone,  | q q q jj  > thus  : — 

^ { CONao  = + ,{  COCH3. 

The  acetates  of  the  alkalies  and  alkaline  earthy  bases,  when 
strongly  ignited,  leave  a carbonate ; those  of  the  heavy  metals 
leave  either  a metallic  oxide,  or  the  metal  itself,  mixed  with 
carbon. 

Heated  with  caustic  alkalies  (soda-lime),  dry  sodic  acetate  gives 
off  marsh-gas,  or  light  carhuretted  hydrogen,  CH4,  thus : — 

3 I + NaHo,CaHo,  = 2COHao2,  + GO,Cao"  -f  3CH4. 

The  gas  can  be  collected  in  the  usual  manner  over  water,  and  on 
applying  a light  it  bums  quietly  with  a yellowish  flame,  to  water 
and  carbonic  anhydride.  It  forms  one  of  the  constituents  of  the 
gas-bubbles  which  are  seen  to  rise  from  the  bottom  of  stagnant 
waters,  where  decaying  organic  matter  has  accumulated.  Hence  its 
name  marsh-gas. 

Its  specific  gravity  is  '554i  when  compared  with  air.  Its  molcoular  weight  is 
Ifi,  one  htre  weighing  8 critlis.  A mixture  of  marsh-gas  and  air — one  part  by 
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ToluTne  of  the  hydrocarbon  with  10  of  air — explodes  powei’fully  when  a light  is 
applied.  Light  carbiiretted  hydrogen  forms  a constituent  of  ordinary  coal-gas, 
and  is  likewise  found  in  coal-mines,  where  it  gives  frequently  rise  to  explosions 
when  mixed  witli  air  and  fired.  It  is  called  by  the  vcnxiev  fiTe-daMp.  The  atmo- 
sphere left  in  the  workings  of  a coal-pit,  after  an  explosion  of  fire-damp  has 
taken  place,  is  called  choJce'danipy  or  after-damp^  consisting  to  a large  extent  of 
carbonic  anhydride. 

BEiCTTONS  IN  THE  WET  WAT. 

A SOLUTION  OF  SODIO  ACETATE,  | be  employed. 

All  acetates  are  soluble  in  water.  Argentic  and  mercurous  acetates 
are  the  least  soluble. 

On  heating  a solid  acetate  (or  a concentrated  aqueous  solution 
of  it)  with  alcohol  and  concentrated  sulphuric  acid,  acetic  ether 
(ethylic  acetate),  CH3CO.OC2H5,  is  formed,  which  possesses  a fra- 
grant odour.  The  change  is  expressed  thus  : — 

{ OONao+C.H.Ho  + SO.HO,  = { + OH,. 

Too  much  alcohol  should  he  avoided  lest  common  ether,  O (€2115)2, 
he  formed,  the  odour  of  which  would  mask  that  of  the  acetic 
ether. 

By  distilling  an  acetate  with  moderately  dilute  sulphuric  acid  in 
a retort,  free  acetic  acid  is  obtained,  which  is  recognized  by  its  cha- 
racteristic pungent  odour.  It  cannot  be  oxidized  by  aqueous  chromic 
acid. 

Fe2Cl6  added  to  a solution  of  an  acetate,  produces  a deep  red-coloured  solu- 
tion, owing  to  the  fonnation  of  ferric  acetate.  On  boiling,  the  whole  of  the  iron 
is  precipitated  as  basic  ferric  acetate,  in  the  form  of  hrownish-yellow flakes. 
Am  Ho  precipitates  the  iron  from  a solution  of  ferric  acetate  as  ferric  hydrate. 

Ammonic  acetate,  especially  in  the  presence  of  ammonia,  dissolves  several 
insoluble  sulphates,  e.g.,  SO.^Pbo",  SOoCao". 

Approximate  Separation  of  Acetic  Acid  from  its  next  higher 
Homologdes. — Add  enough  caustic  potash  to  convert  the  acetic  acid 
into  acetate  and  distil.  The  acid  containing  the  least  number  of 
carbon  atoms,  being  the  stronger,  is  first  neutralized,  and  if  suffi- 
cient potash  has  been  added,  the  distillate  is  obtained  free  from 
acetic  acid. 


STEARIC  ACID,  | COH^o' — fatty  bodies,  e.g.,  pure 

rCH2Ho 

mutton  fat,  in  combination  with  glycerine,  < CHHo  . When  heated 

tCH2Ho 

with  solutions  of  caustic  alkalies,  the  fat  saponifies  and  the  fatty 
acid  forms  with  the  alkali  metal  a soap,  freely  soluble  in  warm 
water,  and  the  glycerine  separates.  On  decomposing  the  soap  by 
the  addition  of  an  acid  (dilute  hydrochloric  or  sulphuric  acid),  the 
fat  which  separates  is  found  completely  changed  in  character.  It 
has  an  acid  reaction  to  test-paper  when  in  a melted  state,  and  is 
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soluble  with  the  greatest  facility  in  alcohol,  from  which  it  crystallizes 
in  milky-white  needles.  Its  composition  is  CigHseOo,  or 

It  melts  at  54°  C.  Pure  hard  soap  is  sodic  stearate,  I , and 

[ OUJSao 

contains  generally — 

20 — 25  per  cent,  of  water 
7 — 8 ,,  „ soda  (OISTa^) 

and  67 — 73  „ ,,  stearic  acid. 

The  analysis  of  soap  is  effected  by  treating  10  grms.,  cut  up 
into  thin  slices,  in  a porcelain  dish,  with  dilute  hydrochloric  acid,  and 
heating  gently  for  some  time,  till  the  whole  of  the  soap  is  decom- 
posed. The  fatty  acid  floats  on  the  surface.  The  dish  is  set  aside 
to  cool,  when  the  fatty  acid  is  obtained  as  a solid  cake,  which  can 
be  readily  removed  ami  dried  between  filter-paper.  Sodic  chloride 
is  left  in  solution,  and  is  obtained  on  evaporation  in  crystals. 

QUESTIONS  AND  EXERCISES. 

1.  Wlmt  olements  enter  into  the  coinpo.sition  of  organic  acids? 

2.  Stale  wliieli  com])oiind  organic  radicals  are  met  with  in  organic  acids,  and 

show  the  relation  which  exists  between  tliein. 

3.  How  are  tlie  several  salts  of  organic  acids  influenced  bj  heat,  and  what 

inference  can  be  drawn  from  this  action  ? 

4.  Exjilain  the  structure  of  the  several  members  of  the  fatty  acid  series.  Give 

illustrations. 

5.  How  is  formic  acid  obtained,  and  what  changes  do  formates  undergo,  when 

heated  out  of  contact  with  air? 

G.  How  can  a formate  bo  detected  in  the  wot  way  ? Give  equations. 

7.  State  how  acetic  acid  is  prepared. 

S.  What  is  the  action  of  heat  upon  dry  acetates  ? 

9.  How  Would  you  prepare  marsh-gas  ? 

10.  Explain  the  action  of  acetic  acid  upon  argentic  carbonate  or  plumbic  oxide. 

11.  What  residue  is  left  on  igniting  sodic  acetate,  calcic  acetate,  plum bie  acetate, 

or  argentic  acetate  ? 

12.  Explain  how  you  would  obtain  acetic  ether,  describe  its  composition  and 

properties. 

13.  Give  graphic  formula)  for  marsh-gas,  cyanogen,  acetic  ether,  acetone. 

11.  A quantity  of  crystallized  argentic  acetate  leaves  upon  ignition  1’236  grm.  of 
metallic  silver.  How  much  acetic  acid  does  this  correspond  to  ? 

15.  How'  much  dry  sodic  acetate  must  there  be  decomposed  in  order  to  obtaui 
20  litres  of  marsh-gas  ? 


r CH 

BENZOIC  ACID,  < qq  q^-. — Is  found  in  many  gums  and 

balsams,  from  which  it  is  obtained  by  sublimation.  Heated  in 
a tube  open  at  both  ends,  the  acid  sublimes  in  long  needles,  giving 
olf  a very  irritating  vapour.  Heated  on  platinum  foil,  benzoic  acid 
burns  with  a luminous  smoky  flame. 

The  crystalline  acid  is  very  slightly  soluble  in  cold  water  or 
acids,  and  floats  on  water.  Benzoates  of  tetrad  metals  are  mostly  in- 
soluhle  171  water,  all  other  are  soluble. 


/ CnH,5 

1 COHo- 


SUCCINIC  ACIU. 


159 


Fs.Cle  g'iv6S  a ptils  yellow  precipitate  of  basic  ferric  benzoate, 
Bz6Fe2o'’‘,Fej03  + 15  Aq;  and  ammonic  benzoate  is  employed  some- 
times for  tbe  separation  of  Fe‘^  from  Mn"  (compare  page  39). 

On  distilling  benzoic  acid  with  lime  or  baryta,  benzol  (6e?izewe), 
CeHo,  is  obtained — 


Dilute  acids  precipitate  benzoic  acid  from  aqueous  solutions  of 
benzoates;  dilute  nitric  acid  is  without  action  upon  it. 

Heated  with  concentrated  sulphuric  acid,  benzoic  acid  does  not 
blacken,  neither  does  it  evolve  SO2. 


SUCCINIC  ACID,  < C2H4. — Dibasic  acid, — Obtained  by  the 


distillation  of  amber,  of  fossil  resin,  and  also  by  the  long-continued 
action  of  nitric  acid  upon  butyric,  stearic,  or  margaric  acids.  The 
acid  crystallizes  in  white  plates,  is  readily  soluble  in  water,  alcohol, 
and  ether,  and  is  not  acted  upon  by  boiling  nitric  acid.  Heated 
in  a tube  open  at  both  ends,  it  sublimes  in  silky  needles.  Heated 
upon  platinum  foil,  it  bums  with  a bine  flame  and  without  smoke. 

Succinates  are  decomposed  upon  ignition  ; the  alkaline  and 
alkaline  earthy  succinates  leave  a carbonate  mixed  with  carbon. 

Most  succinates  are  soluble  in  water. 

Plumbic  acetate  gives  a white  precipitate  of  neutral  plumbic 


succinate,  bo",  which  is  rendered  basic  by  treatment  with 


ammonic  hydrate. 

Fe2Cl6  produces  from  a solution  of  neutral  ammonic  succinate 
a brownish-red,  voluminous  precipitate  of  basic  ferric  succinate, 
Su.,Fe2o''‘,Fe203,  readily  soluble  in  mineral  acids.  AmHo  renders 
the  precipitate  darker  by  withdrawing  a quantity  of  succinic  acid  as 
ammonic  succinate,  leaving  a more  basic  succinate.  (This  reaction 

SERVES  FOR  THE  SEPARATION  OF  Mn"  FROM  Fe‘'^.) 

On  boiling  the  precipitate  produced  by  ferric  chloride  from  a 
solution  of  a succinate  or  benzoate,  with  ammonic  hydrate,  soluble 
ammonic  salts  of  these  acids  are  obtained  which  can  be  separated 
by  filtration  Horn  the  insoluble  residue.  On  the  addition  of  alcohol 
and  BaCb  to  the  ammoniacal  solution,  a vihite  precipitate  of  baric 
succinate  is  obtained,  w'hilst  benzoic  acid  gives  no  precipitate  (dis- 
TTNCIION  BETWEEN  CsHdCO.OH  AND  C2Hi(COOH)2. 


1.  How  are  benzoic  and  succinic  acids  prepared  ? Give  graphic  formulaj. 

Z.  State  how  the  precipitate  produced  by  Bzllo  and  SuHoo  with  Fe^Clg  assists 
in  distinguishing  between  these  two  acids. 


+ CaO  =.CeHe  + COCao". 


COHo 


COHo 
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3.  How  would  you  prepare  benzol  from  benzoic  acid  ? 

4.  1'340  grm.  of  tbe  argentic  salt  of  an  organic  acid  leaves  upon  ignition  "632  grm. 

of  metallic  Ag.  Wbat  is  tbe  molecular  weight  of  the  acid  ? 


OXALIC  ACID,  I — Dihasio  acid. — Obtained  by  tbe 

oxidation  of  a large  number  of  organic  bodies,  e.g.,  sugar  by  nitric 
acid  ; or  woody  fibre,  by  tbe  action  of  caustic  alkalies.  Tbe  free 

acid,  I + 2Aq,  is  a violent  poison.  It  crystallizes  in  rhombic 


prisms  witb  two  molecules  of  water  of  crystallization,  wbicb  it  loses 
when  exposed  to  dry  air,  i.e.,  it  effloresces  and  crumbles  to  a 
powder.  Witb  bases  it  forms  an  important  series  of  salts  called 
oxalates.  Tbe  acid  being  dibasic,  two  series  of  salts,  neutral  and 


acid  oxalates. 


rCOKo 
1 COKo 


and 


rCOKo 

VcOHo 


, exist  (besides  some  super-acid, 


oxalates). 


REACTIONS  IN  THE  DRY  WAY. 


Oxalic  acid  when  beated  by  itself,  sublimes  for  tbe  most  part 
uncbanged  ; a portion  of  it  breaks  up  into  CO,  CO2  and  some 
formic  acid.  Oxalates  yield,  upon  ignition,  dift’erent  products  of 
decomposition,  according  to  tbe  nature  of  tbe  base  contained 
therein. 

Alkaline  oxalates  leave  a carbonate,  witb  slight  blackening,  and 
give  off  carbonic  oxide. 

Alkaline  earthy  oxalates  leave  a carbonate,  together  witb  some 
caustic  base,  if  a strong  beat  be  applied,  and  give  off  CO  and  COo. 

Oxalates  containing  metallic  bases  wbicb  do  not  form  carbonates, 
or  the  carbonates  of  which  are  decomposed  by  heat,  break  up  into 
metallic  oxides,  and  give  off  equal  volumes  of  CO  and  CO3,  or  into 
metal,  as  for  instance  argentic  oxalate,  giving  off  CO2. 


REACTIONS  IN  THE  WET  WAY. 

f CO  Amo 

Use  A SOLUTION  OF  AMMONIC  OXALATE,  < COAmO’ 

Oxalates  are  either  soluble  in  water,  e.g.,  the  alkaline  oxalates 
and  a few  metallic  oxalates;  or  insoluble  in  water,  but  soluble  in 
acids. 

CaCb  (S02Cao"  or  CaHo2)  precipitates  even  from  very  dilute 
^ r QQ 

solutions  calcic  oxalate,  < ^QCao",  readily  soluble 

in  hydrochloric  or  nitric  acid  ; almost  insoluble  in  oxalic  or  acetic 
acid,  and  in  potassic  or  ammonic  hydrate.  Heat  promotes  tbe  pre- 
cipitation from  very  dilute  solutions.  This  constitutes  one  of  the 

most  delicate  reactions  for  oxa, lie  acid. 

BaCh  gives  from  solutions  of  neutral  oxalates  a white  precipitate 

° r po 

of  iiaric  oxalate,  < ^^Bao"  -f  Aq,  soluble  in  oxalic  acid,  readily 
soluble  in  hydrochloric  or  nitric  acid. 


TARTARIC  ACID. 
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NO. Ago  produces  a white  precipitate  of  argentic  oxalate, 
COAgo 

I , soluble  in  dilute  nitric  acid,  and  in  ammonic  hydrate. 
COAgo 

Concentrated  sulphuric  acid  decomposes  oxalic  acid  or  oxalates, 
on  the  application  of  a gentle  heat,  into  CO  and  CO2,  without 
blackening,  by  withdrawing  from  the  molecule  of  oxatyl  a molecule 
of  OHj.  The  gaseous  mixture  is  passed  through  a wash-bottle  con- 
taining caustic  soda  or  lime-water,  and  the  carbonic  oxide  gas  is 
collected  over  water.  The  gas  burns  with  a blue  flame.  (Usual 
METHOD  FOB  PEEPARING  CARBONIC  OXIDE.) 

Oxalic  acid,  or  oxalates  in  the  presence  of  free  mineral  acids, 
act  as  reducing  agents. 

Treat  a little  black  oxide  of  manganese  and  oxalic  acid,  or  an  oxalate,  •with 
a few  drops  of  concentrated  sidphuric  acid.  Effervescence  ensues.  The  gas 
which  escapes  is  carbonic  anhydride,  thus : — 

MnOs  + I + 2SO2H03  = 2CO3  + SO3M110'  + S02K:o3  + 2OH2. 

A solution  of  gold  is  reduced  to  metallic  gold,  thus : — 

2AUCI3  = = 6CO2  + Au3  + 6HC1. 

Potassic  permanganate  is  speedily  reduced  (decolorised). 

QUESTIONS  AND  EXERCISES. 

1.  How  is  oxalic  acid  obtained?  Describe  shortly  its  properties. 

2.  What  changes  does  oxalic  acid  undergo,  1st,  upon  ignition  ; 2nd,  upon  heating 

with  SO2H02 ; 3rd,  upon  treatment  -with  SO2H02  and  Mn02  or  Cr206Ko2  ; 
4th,  in  contact  with  AuCh  ? 

3.  How  would  you  distinguish  calcic  oxalate  from  calcic  carbonate,  fluoride, 

borate,  or  phosphate  P 

4.  What  takes  place  when  potassic,  argentic,  calcic,  or  zincic  oxalate  is  ignited  by 

itself  ? 

5.  How  would  you  prepare  pm’e  carbonic  oxide  gas  from  sodic  oxalate  ? 

6.  The  calcic  salts  in  one  litre  of  water  are  precipitated  with  ammonic  oxalate. 

The  precipitate  yields  upon  ignition  1'6G5  grm.  of  COCao".  How  much 
CaO  does  the  water  contain,  1st,  per  gallon ; 2nd,  per  100,000  parts? 


rcoHo 

TARTARIC  ACIDx  dibasic  acid. — Found  m grapes, 

[cOHo 

tamarinds,  pine-apples,  and  several  other  fruits  in  the  form  of 
hydric  potassic  tartrate.  The  acid  met  with  in  commerce  is  pre- 
pared from  the  tartar  or  argot,  an  impure  hydric  potassic  tartrate, 
deposited  from  the  grape  juice  during  fermentation.  The  acid 
forms  colourle,ss  transparent  crystals,  very  soluble  in  water,  both 
hot  and  cold,  and  soluble  also  in  alcohol.  The  aqueous  solution 
undergoes  gradual  decomposition. 

REACTIONS  IN  THE  DRY  WAY. 

Tartaric  acid  is  decomposed  by  heat,  giving  off  an  odour  re- 
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sembling  tliat  of  hurnt  sugar  (caTamel),  and  leaving  a residue  of 
carbon.  Alkaline  tartrates  when  heated  in  a test-tube,  are  decom- 
posed with  evolution  of  inflammable  gases,  leaving  a mixture  of 
finely-divided  charcoal  and  carbonate  (black  Jiux),  from  which  the 
carbonate  may  be  extracted  by  water.  The  carbonaceous  residue 
left  upon  igniting  alkaline  earthy  tartrates  contains  an  insoluble 
carbonate,  and  effervesces  when  treated  with  dilute  hydrochloric 
acid.  Tartrates  of  the  heavy  metals  also  undergo  decomposition, 
accompanied  by  the  characteristic  odour  of  burnt  sugar,  and  leave 
much  carbon  mixed  Avith  metallic  oxide  or  metal. 

REACTIONS  IN  THE  WET  WAY. 

Use  A SOLUTION  OF  TARTARIC  ACID,  and  for  some  reactions  A 
SOLUTION  OF  A NORMAL  SALT  (Bochelle  salt,  or  potassic  sodic  tartrate). 

The  alkaline  tartrates  are  soluble  in  water,  the  acid  salts  less  so 
than  the  neutral  tartrates.  The  normal  tartrates  of  the  alkaline  earthy 
bases,  of  the  earths  and  heavy  metals,  are  difficultly  soluble  in  water, 
but  dissolve  readily  in  dilute  tartaric  acid.  Alkalies  fail  to  preci- 
pitate double  tartrates,  readily  soluble  in  water,  containing  an 
alkaline  and  metallic  base.  Hence  the  presence  of  tartaric  acid 
serves  to  prevent  the  preeipitation  of  Fe^On,  CTjOs,  ZnO,  NiO,  CoO, 
MnO,  CuO,  PbO,  BiaOs,  Pt02  or  CdO,  whilst  some  other  substance, 
e.g.,  POH03,  if  present,  may  be  precipitated  from  an  alkaline  solu- 
tion. 

KCl  (or  some  other  potassium  salt,  especially  the  acetate)  pro- 
duces in  a solution  of  free  tartaric  acid  a heavy  white  crystalline 
precipitate  of  liyiiric  potassic  tartrate,  readily  soluble  in  mineral 
acids  and  in  alkalies  and  alkaline  carbonates,  insoluble  in  acetic 
acid.  The  precipitation  is  accelerated  by  agitation  and  by  allowing 
to  stand  for  some  hours.  Alkalies  dissolve  the  precipitate,  forming 
a normal  tartrate,  soluble  in  water,  from  which  acetic  acid  repreci- 
pitates the  hydric  potassic  tartrate. 

CaHo2  added  to  excess,  jirecipitates  free  tartaric  acid  as  a white 
calcic  tartrate  (C4H4060a). 

CaCb  (but  not  S02Cao",  except  on  long  standing,)  precipitates 
from  a solution  of  a normal  tartrate,  white  calcic  tartrate  (C4H40eCa 
-1-4  aq.),  soluble  in  acids,  even  tartaric  acid,  in  ammonic  salts 
(AmCl),  but  not  in  ammonic  hydrate.  The  precipitate,  especially 
as  long  as  it  is  amorphous,  i.e.,  recently  precipitated,  is  soluble  in 
cold  potassic  or  sodic  hydrate,  which  is  nearly  free  from  carbonate, 
but  is  reprecipitated  on  boiling  an  a gelatinous  mass,  which  recimolres 
on  cooling. 

N02Ago  produces  from  a solution  of  a normal  tartrate  (e.g., 
Rochelle  salt)  in  the  cold  a white  curdy  precipitate  of  argentic  tnr- 
trsitc.  On  filtering  and  dissolving  some  of  the  precipitate  off  the 
filter  with  a little  dilute  ammonic  hydrate,  and  heating  the  solution 
in  a clean  test-tube  or  flask  during  ten  or  twenty  minutes,  in  water, 
heated  to  about  G6°C.,  the  glass  becomes  coated  with  a fine  silver 
mirror.  (Ohauactbristic  reaction  for  tartaric  acid.) 
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(cob).  ^ white  crystalline  precipitate  of  plumbic  tar- 

trate, from  solutions  of  tartaric  acid,  or  its  soluble  salts.  The  pre- 
cipitate is  soluble  in  nitric  acid,  and  in  amnionic  hydrate  ; the  latter 
giving  rise  to  the  formation  of  plumbic  ammonic  tartrate,  which 
cannot  be  precipitated  by  AmHo. 

Tartaric  acid  and  ammonia  dissolve  SO^Pbo'^ 

Concentrated  SO2H02  decompo.ses  tartaric  acid,  or  a tartrate, 
heating,  with  evolution  of  SO2,  CO3,  and  CO,  and  separation 
carbon. 

QUESTIONS  AND  EXERCISES. 


on 

of 


1.  Describe  some  sources  of  tartaric  acid. 

2.  Describe  the  decomposition  which  taa-taric  acid  and  tartrates  undergo  upon 

ignition. 

3.  How  can  tartaric  acid  be  detected  in  the  wet  way  ? 

4.  Give  graphic  formul®  for  Rochelle  salt,  argentic  and  plumbic  tartrates. 


rCHHo(COHo) 

CITRIC  ACIDX  CH  (COHo)  -t-  nq.—Tribasic  acid.— Oh- 
LCH2  (COHo) 

tained  from  orange  or  lemon-juice.  Found  also  in  many  other 
fruits.  It  forms  colourless  prismatic  crystals,  which  possess  a pure 
and  agreeable  acid  taste.  They  dissolve  in  cold  and  hot  water,  and 
in  alcohol.  The  aqueous  solution  undergoes  decomposition  after  a 
time.  The  citrates  are  very  numerous,  the  acid  forming,  like  phos- 
phoric acid,  three  classes  of  salts  by  the  replacement  of  one,  two, 
or  three  atoms  of  hydroxyl  by  a corresponding  amount  of  potas- 
soxyl,  etc. 

REACTIONS  IN  THE  DRY  AVAT. 

On  heating  citric  acid,  it  loses  first  its  water  of  crystallization, 
then  fuses,  and  is  decomposed  with  disengagement  of  pungent  and 
irritating  acid  fumes  into  aconitic  acid,  and  finally  to  citraconic 
anhydride,  leaving  a less  abundant  carbonaceous  residue  than  tar- 
taric acid.  Alkaline  and  alkaline  earthy  citrates  leave  a carbonate 
upon  ignition. 

REACTIONS  IN  THE  WET  WAT. 

Use  a SOLUTION  op  citric  acid  in  AVATER,  or  a solution  of  a 
NORMAL  ALKALINE  CITRATE. 

•Potassic  salts  give  no  precipitate. 

CaHo2  gives  no  precipitate  in  the  cold  from  a solution  of  citric 
acid,  or  of  a neutral  citrate ; but  on  heating,  a xohite  precipitate  of 
calcic  citrate  is  obtained.  (Distinction  betaveen  tartaric  and 
CITRIC  ACID.)  When  both  citric  and  tartaric  acid  are  present,  tlie 
precipitate  produced  by  CaHo2,  or  CaCU  in  the  cold  is  filtered  off, 
and  the  clear  filtrate  boiled,  when  a further  precipitate  indicates 
citric  acid. 

CaCl,  produces  at  first  no  precipitate  in  the  cold  fi’om  an  aqueous 
solution  of  citric  acid,  or  a soluble  citrate ; but  on  standing  precipi- 

M 2 
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tation  takes  place  and  is  all  but  completed,  even  in  tlie  cold,  after 
24  hours.  On  boiling  a white  precipitate  of  calcic  citrate  is  ob- 
tained if  the  solution  be  neutral,  or  if  it  contain  an  excess  of  lime- 
water  or  ammonic  hydrate.  This  precipitate  is  irisoluhle  in  sodic  or 
potassic  hydrate,  but  soluble  both  in  ammonic  salts  and  in  acids. 

Argentic  citrate,  dissolved  in  ammonic  hydrate,  does  not  form  a 
mirror  upon  heating.  Citric  acid,  like  tartaric  acid,  prevents  the 
precipitation  of  certain  oxides,  more  especially  of  AI2O3,  of  Groups  II 
and  III,  by  caustic  alkalies,  on  account  of  the  formation  of  soluble 
double  citrates,  containing  a metallic  and  alkali  base. 

Concentrated  sulphuric  acid  decomposes  citric  acid  or  citrates 
slowly.  On  cautiously  applying  heat,  CO  and  COo  escape,  at  first 
without  any  blackening  of  the  liquid,  but  on  boiling  for  sonie  time, 
SO2  is  evolved,  and  carbon  separates. 

QUESTIONS  AND  EXERCISES. 

1.  Whence  is  citric  iicid  derived? 

Describe  tlio  tests  wliieli  distinguish  citric  from  tartaric  anid. 

;t.  Give  graphic  formula)  for  citric  acid. 

4-.  Ilow  would  you  detect  oxalic,  tartaric,  and  citric  acids  contained  in  a 
liquid  ? 

5.  Why  does  the  jiresenco  of  citric  or  tartaiuc  acid  prevent  the  precipitation  of 
ALO;,  or  FooOa  by  Ainllo  ? 


n’ 
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In  order  to  enable  the  analyst  to  acquire  a thorough  mastery 
over  the  reactions  for  bases  and  acids,  some  25  to  30  simple  sub- 
stances should  be  analysed  by  the  aid  of  the  subjoined  analytical 
tables,  and  the  results  recorded  in  the  manner  shown  in  the  Appen- 
dix. The  nature  of  these  exercises  will  be  sufficiently  indicated  by 
the  following  examples  : — 

1.  Crystallized  magnesic  sulphate  (Epsom  salts). 

2.  Sodic  sulphite. 

3.  Saltpetre.  , 

4.  Common  sodic  phosphate. 

5.  Potassic  iodide. 

6.  Potassic  oxalate. 

7.  Citric  acid. 

8.  Calcic  tartrate. 

9.  Sodic  acetate. 

10.  Calcic  phosphate. 

11.  Dried  green  vitriol. 

12.  Borax. 

Preliminary  to  the  analysis  of  more  complex  bodies,  a number  of 
double  salts  or  mixtures  of  salts  containing  or^i  or  two  bases,  and 
one,  two,  or  more  acids  should  be  next  examineu,  such  as: — 

Ammonic  ferrous  sulphate. 

Common  ammonium  or  potassium  alum. 

Microcosmic  salt. 

‘Potassic  sodic  tartrate  (Rochelle  salt). 

Dipotassic  calcic  ferrocyanide. 

Potassic  chlorate  and  potassic  nitrate. 

Sodic  chloride  and  potassic  carbonate. 

Potassic  oxalate  and  potassic  carbonate. 

Ammonic  chloride  and  sodic  nitrate. 

Ammonic  magnesic  phosphate. 

Potassic  bromide  and  iodide,  and  sodic  chloride. 

Complex  bodies  should  bo  examined  systematically,  and  the 
results  carefully  noted  down  in  the  analyst’s  laboratory  book  imme- 
diately they  are  made,  and  in  the  order  indicated  by  the  arrangement 
of  the  Analytical  Tables.  A careful  preliminary  examination  in  the 
dry  way  yields  for  the  most  part  results  which  are  decisive  of  the 
. nature  of  the  substance  under  examination.  A few  simple  experi- 
ments are  frequently  sufficient  to  determine,  in  the  case  of  simple 
salts,  the  nature  of  both  base  and  acid,  and  in  that  of  a compound 
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substance,  most  bases  and  acids.  Skill  in  hloiopii^e  analysis  is  of 
paramount  value  in  the  analysis  of  ivell-defined  minerals,  as  well  as  of 
complex  mixtures.  The  student  should,  however,  invariably  control 
the  results  obtained  by  an  examination  of  the  solid  substance  in  the 
dry  way,  by  a most  searching  analysis  in  the  wet  way. 

The  exercises  should  be  progressive,  and  should  at  first  consist 
of  artificial  mixtures  of  clearly -defined  composition  : and  lastly,  of 
complex  bodies,  such  as  minerals,  alloys,  colours,  slags,  refuse- 
matter  from  various  manufacturing  processes,  etc. 

The  following  mixtures  or  compound  bodies  may  be  taken  as 
types  of  the  20  or  30  substances  that  should  be  examined  in  order 
to  enable  the  student  to  acquire  proficiency  in  qualitative  analysis: — 


1.  N,04Pbo", 
HgCh, 
AmCl, 
COCao". 


9.  BaCl^, 
POHoBao", 
f COKo 
I COKo. 


2.  CaCb, 

SrCb, 

BaCl,. 

3.  AS.S;), 

AmCl, 

NO,Ko. 

4.  Ammonium  alum. 
Chrome  alum. 
Galena. 

b' 

5.  Chrome  iron  ore. 

6.  Type  metal. 

7.  Stourbridge  fire-clay. 

8.  CrO-^Bao", 

Fe,03, 

CaCb, 

Sulphm*. 


10,  Ammonium  alum. 
Chrome  alum, 
POHoNaoo, 
Fe,03, 

SiO.. 


11.  COBao", 

P203Bao"3, 

SOJlao", 

NaCl. 

12.  Ultramarine. 

13.  Guano. 

14.  Coprolite, 

15.  Material  which  has  been 

used  for  purifying  coal- 
gas. 

16.  Alkali  waste. 


TABLES 


FOB  THE 


QUALITATIVE  ANALYSIS 


OF 


SIMPLE  AND  COMPOUND  INORGANIC  SUBSTANCES, 
BOTH  IN  THE  DRY  AND  WET  WAY. 
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II.  Heat  a little  of  the  substance  undee  1.  The  substance  decrepitates  . . . . NaCl,  etc.,  etc. 

EXASONATION  ON  CHAECOAL  BEFOEE  TUE  2.  The  substance  deflagrates  ..  . . Nitrates,  chlorates,  etc. 

BLOWBIPE  FLAJIK,  3.  The  substance  fuses  readily , and  sinlcs  into  Salts  of  alkalies  and  some  salts  of  alkaline 

the  charcoal,  or  forms  a liquid  bead  earths. 

4.  An  infusible  residue  is  left. 
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EXAJUNATION  OF  SUBSTANCES 


Examination  of  a Substance  in  the  Wet  Wat. 

1st.  The  siihstance  under  examination  is  a liquid. — Examine  it 
by  means  of  well-prepared  test-papers.  The  liquid  is  neutral.  This 
excludes  a large  number  of  substances,  since  the  greater  proportion 
of  normal  salts  of  the  metals  possess  an  acid  reaction.  The  liquid 
shows  an  acid  reaction.  This  may  arise  from  a free  acid,  or  from 
the  pi’esence  of  a normal  salt  having  an  acid  reaction,  or,  lastly, 
from  an  acid  salt.  Or  the  solution  possesses  an  alkaline  reaction, 
owing  to  the  presence  of  a salt  of  alkaline  reaction,  of  free  alkalies 
or  alkaline  earths,  and  of  cyanides  or  sulj3bides  of  the  alkalies  or 
alkaline  earthy  metals. 

Evaporate  a portion  of  the  liquid  to  dryness  on  a watch-glass  or 
platinum  foil.  It  leaves  no  residue,  and  may  consist  of  pure  water 
only;  or  it  leaves  a residue;  a larger  portion  of  the  liquid  should 
then  be  evaporated  to  dryness  in  a porcelain  dish  and  subjected  to 
a preliminary  examination  in  the  dry  way. 

2ml.  The  substance  under  examination  consists  of  a solid  body. — 
If  it  occurs  in  large  pieces,  or  in  the  form  of  a coarse  powder,  it 
should  first  bo  reduced  by  mechanical  means  to  as  fine  a powder  as 
possible. 

Natural  silicates  and  other  compounds  which  are  decomposed  with  dilhculty 
by  acids,  are  finely  powdered  in  an  agate  mortar  and  then  levigated,  i.e.,  stirred 
up  repeatedly  with  water  ; the  coarser  particles  of  the  powdered  substance  fall 
i-ajiidly  to  the  bottom,  and  tlio  water  holding  the  finer  particles  in  suspension  can 
bo  poured  off.  Tlio  coarser  particles  must  then  bo  ground  again,  and  made  to 
])ass  througli  a fresh  process  of  Icvigation,  till  the  whole  of  the  substance  is 
obtained  in  an  equally  fine  slate  of  division.  By  allowing  the  water  to  stand  for 
some  time,  the  whole  of  the  suspended  particles  fall  to  the  bottom  of  the  vessel, 
and  can  be  separated  by  decantation  and  filtration. 

Ascertain  whether  the  solid  substance  is  wholly  or  partly  soluble 
in  water.  This  is  done  hy  boiling  about  a gramme  of  it  in  distilled 
water,  allowing  the  undissolved  portion  to  subside  before  decanting 
the  supernatant  liquid,  and  treating  the  undissolved  portion  again 
with  boiling  water  as  long  as  anything  is  dissolved.  A drop  of  the 
solution,  wlien  evaporated  on  a watch-glass,  or  on  platinum  foil, 
should  leave  a visible  spot. 

The  aqueous  extract  is  set  aside  until  the  residue  has  in  like 
manner  been  treated  v/ith  acids.  It  should  be  tested  with  litmus- 
paper. 

The  residue  insoluble  in  water  is  next  treated  with  dilute  hydro- 
chloric acid,  and  heated  for  some  time  to  boiling.  The  undissolved 
portion  is  allowed  to  subside  and  the  clear  fluid  decanted.  This 
operation  should  be  repeated  several  times,  both  with  dilute  and 
concentrated  hydrochloric  acid.  Boiling  with  liCl  generally  dis- 
solves out  whatever  is  soluble,  and  NO^Ho  has  i-arely  to  be  resorted 
to.  If  an  insoluble  residue  be  left,  treat  with  small  quantities  of 
aqua  regia.  Observe  carefully  what  changes  take  place  when  the 
substance  is  treated  with  acids,  especially  whether  any  and  what 
gases  are  disengaged. 
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The  residue  insoluble  in  ivater  and  acids  should  be  carefully 
washed  with  distilled  water,  filtered,  dried,  and  then  mixed  witli 
three  to  fouV  times  its  weight  of  dry  CONaoz  and  COKo*  (fusion- 
mixture)  and  fused.  The  fusion  is  best  performed  in  a platinum 
crucible,  provided  the  insoluble  residue  does  not  contain  any  metals 
capable  of  forming  alloys  with  platinum.  This  can  be  readily  ascer- 
tained by  an  examination  of  the  residue  in  the  dry  way. 

It  should  be  borne  in  mind  that  only  baric,  strontic,  calcic, 

AND  PLUMBIC  SULPHATES  ; PLUMBIC  AND  ARGENTIC  CHLORIDES  ; S102, 

MANY  SILICATES;  NATIVE  OR  IGNITED  ALOg  AND  ALUMINATES ; IGNITED 

CraOs  and  FejOs;  chrome  iron  ore;  SnOa  (ignited  or  as  tin- 
stone) ; ignited  Sb204  (a  few  METAPHOSPHATES  AND  ARSENATBS)  ; 
CaFa,  AND  A FEW  OTHER  NATIVE  FLUORIDES  ; SULPHUR  AND  CARBON, 
are  usually  present  in  the  residue. 

Ag4FeCy6  and  AgsFeaCyia,  AgBr,  Agl,  and  AgCy  are  decomposed 
into  AgCl  by  boiling  with  aqua  regia. 

Solutions  1 and  2 may  be  examined  separately,  or  they  may  be 
mixed  and  examined  together.  A separate  analysis  of  the  aqueous 
and  acid  extracts  becomes  necessary  only  when  it  is  intended  to 
show  hoiv  the  acids  and  bases  are  combined  in  a compound  body. 

The  examination  of  a residne  requiring  fusion  with  alkaline  car- 
bonates is  invariably  conducted  separately.  The  fused  mass  is 
boiled  with  wmter  and  filtered ; the  powder,  insoluble  in  water, 
containing  the  base  in  the  form  of  a carbonate  (oxide  or  metal)  is 
dissolved  in  HCl  or  NOaHo.  The  aqueous  extract  is  examined  for 
acids,  and  the  acid  extract  for  bases. 

Alloys  are  dissolved  in  dilute  or  concentrated  HCl,  sometimes 
w'lth  the  aid  of  platinum  foil,  or  with  the  addition  of  a few  crystals 
of  potassic  chlorate,  and  their  solutions  examined  as  usual. 

Cyanogen  compounds  are  best  destroyed  by  fusion  in  a porcelain 
crucible  with  3 or  4 times  their  weight  of  a mixture  of  3 parts  of 
SOaAmoa  and  1 part  of  NOaAmo.  The  metals  can  then  be  detected 
in  the  residue  in  the  usual  manner. 

Remark. — In  order  to  economize  tmie,  the  solution  of  a substance  should  be 
prepared  at  the  same  time  as  the  examination  in  the  diy  way  is  conducted,  and 
whilst  the  separation  into  groups  is  effected  by  means  of  the  several  group- 
n^agcnts.  The  precipitates  can  then  be  well  washed.  Again,  the  time  occupied 
in  the  evaporation  of  the  filtrate  from  Group  II,  and  in  separating  Fe*',  Cr'V 
and  Al*''  by  means  of  COBao”  in  Group  III,  may  be  employed  in  the  examina- 
tion of  the  precipitate  produced  by  HCl  oi-  SH,,  os  well  as  in  detecting  the  acids 
in  the  dry  and  wet  way. 


N 
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GENERAL  TABLE  FOR  THE 

N.B.— Eefer  to 
To  the  greater  portion  of  the  original  solution  add  HCl,  as 


The  rnECii’iTATE  may  contain 


PbCl:,  white 
AgCl|  » 
HSiCL)  .. 


(Note  2.) 

liirninine  hy  Table  I- 


The  EILTEATE  (Note  3)  is  largely 


The  puEOii'iTATE  may  contain — 
KffS,  black 


PbS, 

BioSj, 

» 

CuS, 

)) 

, CdS, 

yellow 

! SnS, 

brown 

1 SnS.>, 

yellow 

1 SboS3. 

orange 

Sb.,S5, 

ii 

ASiSa, 

yellow 

Au.^Ss, 

black 

PtSi, 

» 

Insoluble  in  sodic  hydrate, 
or  yellow  amnionic  sul- 
phide. 


Soluble  in  sodic  hydrate, 
. or  yellow  ainmonic  sui- 
pbide. 


Examine  by  Table  II. 
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EXAMINATION  OP  BASES. 


“Notes”  on  next  page. 


long  as  a precipitate  is  produced,  and  lieat  gently.  (Note  1.) 


diluted  witli  water  (Note  4),  saturated  with  gaseous  SHj,  and  gently  heated  (Notes  5 and  6). 


Evaporate  the  filteate  till  free  from  SHo,  then  add  a few  drops  of  coneentmted  NO2H0,  and 
evaporate  to  complete  drjmess.  If  oxalates  or  organic  matter  (Note  7)  be  suspected  (indicated 
by  the  blackening  of  the  residue),  heat  to  redness  in  a porcelain  dish,  but  not  otherwise.  Ti'eat 
the  residue  with  a Httle  concentrated  HCl,  add  water  and  heat,  when  it  dissolves  either  wholly  or 
leaves  a white  residue  of  SiOo  (Note  8).  Test  a small  portion  of  the  HCl  solution  with  ammonic 
molybdate,  with  the  addition  of  concentrated  nitric  acid. 

(A.)  No  precipitate  is  obtained,  POH03  Is  absent. — Add  AmCl,  AmHo,  and  SAmo,  to  the  remaining 
portion  of  the  solution,  heat  to  boiling,  and  filter  quickly  ; wash  well  with  hot  water 
containing  a few  drops  of  ammonic  sulphide. 

(B.)  A precipitate  is  obtained,  POU03  is  present. — Add  AmCl  and  AmHo  in  slight  excess  to  the 
remaining  portion  of  the  solution,  heat  gently  and  filter  quickly ; wash  well  with  hot  water. 
To  the  filtrate  add  SAm2  to  slight  excess,  heat  to  boding  and  filter.  Wash  with  hot  water 
containing  a few  drops  of  SAmo,  and  examine  filtrates  under  Group  IV.  Transfer  the  two 
precipitates  to  a porcelain  dish,  and  digest  with  a little  SAms  (Note  9).  Eilter  ofi' and 
wash  well.  Neglect  filtrate  (Note  10). 


(A.) 

The  PEECiriTATE  may  con- 
tain— 

Al»Hoc,  yellowish-wliitc, 
gelatinous. 

CraHoc,  bluish-green. 

I*eS,  black. 

ZnS,  white. 

AlnS,  flesh-coloured. 

NiS,  black. 

CoS, 

Examine  by  Table  III  A. 


(B.) 

The  PEECiPiTATE  may  con- 
tain— 

AloHoe,  yellowish- white, 
gelatinous. 

CPsHoc,  bluish-green. 

PeS,  black. 

ZnS,  white. 

IMCnS,  flesh-coloured. 

NiS,  black. 

CoS,  „ 

Together  with  the  phosphates 
of  (Cr)  and  Al,  as  well  as  of 
the  alkaline  earthy  metals. 
(Note  11.) 

Examine  by  Table  III  B. 


To  the  EiLTEATE  from  III  A.  or 
III  B.  add  AmHo  and  COAmo^, 
heat  gently  (Note  12)  and  filter. 


The  PEECIPITATE 
m!}.y  contain — 

COBao",  white. 
COSro",  „ 
COCao",  „ 

Examine  by 
Table  IV. 


Solution  may 
contain — 

NEg'O. 

OKo. 

ONao. 

Examine  by 
Table  V. 


N 2 


180 


NOTES. 


NOTES  TO  GENERAL  TABLE. 


1.  In  case  the  original  substance  had  to  be  dissolved  in  hydrochloric  acid, 
SHo  may  be  passed  at  once. 

2.  In  a saturated  solution  of  a b.aric  salt,  ITCl  produces  a white  preci])itate, 
soluble  in  hot  water.  From  an  alkaline  solution  HCl  may  precipitate  SiHo< 
(gelatinous),  EH03,  benzoic  and  uric  acid  crystalline,  also  Sb.^Oj  (amorphous). 
Metallic  oxides,  such  as  AI0O3,  and  metallic  sulphides,  such  as  AS0S3,  SboS3, 
SboSj,  SnS,  and  SnS2,  which  dissolve  in  NaHo  or  SoAmo,  may  likewise  be 
precipitated  on  the  addition  of  HCl,  and  arc  best  examined  separately. 

3.  If  arsenic  has  been  detected  in  the  preliminary  examination,  this  filtrate, 
w hich  may  contain  pentad  arsenic,  should  bo  boiled  with  a solution  of  SOII02,  or 
SOHoAnio,  and  the  acid  solution  evaporated  considerably  to  expel  the  SOj. 
Ba,  Sr,  and  Pb,  when  present,  may  be  precipitated  either  partly  or  whoUy,  a.s 
sulphates.  The  precipitate  is  best  examined  separately. 

4.  Oxychlorides  of  Bi,  Sb,  or  Sn,  may  bo  precipitated  on  the  first  addition 
of  dilute  IICI,  or  water,  but  are  readily  redissolved  on  the  addition  of  more 
acid,  and  on  gently  heating  ; or  the  precipitate  may  bo  disregarded,  since  SIIj 
readily  converts  the  finely  divided  oxychlorides  into  tho  corresponding  metallic 
sidphidcs. 

5.  SHo  often  produces  merely  a precipitation  of  sulphur,  owing  to  the 
]irescnco  of  oxidizing  agents,  such  as  Cl,  Br,  I,  SOII02,  WOHo,  KTOoHo,  ClHo, 


is  easily  distinguished  by  its  being  white  and  remaining  suspended  in  tho  solid  ion. 
It  nmy  be  neglected  altogether.  A brick-rod  precipitate  of  I*boSCl2  often  comes 
down  from  strongly  acid  (HCl)  solutions,  if  tho  solution  has  not  been  sufficiently 
diluted  with  water.  Cadmium  is  often  left  in  solution,  if  too  much  acid  be 
present. 

G.  SHo  should  bo  jiassed  once  more  through  the  filtrate,  to  make  sure  of  t lie 
complete  precipitation  of  all  the  metals  of  Group  II. 

7.  Organic  acids,  e.ff.,  tartaric,  citric,  also  sugar,  etc.,  prevent  tho  precipita- 
tion of  Alnllog,  etc.,  in  Group  HI.  (Comp,  page  162.) 

8.  It  is  possible  that  this  SiOo  may  bo  mixed  wdtli  other  substances,  e.^., 
AI2O3,  Cr.jO.i,  !Te203  (rendered  insoluble  by  strong  ignition),  S02Bao", 
SOoSro",  in  which  case  it  is  necessary  to  exainino  it  separately. 

9.  If  the  SAin2  were  added  simultaneously  with  tho  AmCl  and  AmHo,  phos- 
nhates  of  Fo,  Mn,  Zn,  Ni,  and  Co  would  bo  decomposed  into  sulphides,  with 
formation  of  POAinos,  which  might  produce  a precipitate  of  a phosphate  of  the 
alkaline  earthy  bases,  by  acting  upon  salts  of  these  bases  other  than  phosphates, 
or  act  as  a solvent  for  other  phosphates  in  the  presence  of  AmHo.  (Comp, 
p.  51 .) 

10.  This  filtrate  may  contain  POH03,  a proof  that  a phosphate  of  tho  metals 
Ee,  Zn,  Mn,  Ni,  or  Co  was  jiresent  in  the  original  HCl  solution,  or,  vice  versd, 
that  all  these  metals  (or  one  or  several  of  them)  may  be  jiresent.  (Comp, 
p.  5.1 1) 

11.  Small  quantities  of  borates  and  fluorides  of  the  alkaline  earthy  metals 
may  likewise  be  precipitated,  together  with  tho  alkaline  earthy  phosphates,  but. 
need  not  be  examined  further,  since  their  bases  will  be  detected  in  Group  IV, 
and  their  acids  on  examining  in  the  usual  w'ay  for  acids. 

12.  The  solution  must  not  be  boiled,  since  the  AmCl,  by  double  decomposition, 
dissolves  the  alkaline  earthy  carbonates  forming  chlorides  and  ammonio  car- 
bonate, which  volatilizes  with  the  aqueous  vapour. 


01 

Olio’ 


This  precipitate 


TABLE  I.— SEPARATION  OP  THE  METALS  OF  GROUP  I. 


REACTIONS  OP  THE  JIETAL-S  OF  GROUP  I. 


XI 

‘S 


^3 

B 

0>  O 
o ^ 


Wvy 
•1 


M 


cr* 
O to 

CD  •-< 

c) 

Q li 

« 

3 

60 

CJ 

o 

.Q 

_c 

■4^ 

a 

o 

o 


5 


n 

a. 


tM 


s| 

,e  ° 

.3  ^ • • 

d c3  ffjp 
1^  w 

n ® td 

O 

« SO  ® 

3 cs u 

S'3  S 

te  § " 

74  4^  •«  d9 

2 § o'£ 

g^WS 

-a  o 

S k-  ^ 

«3  P « 

2 be 

^ 3 ^ 


1 «d 


o 

w A 

iH  ;3 

m 2 

(O  60 

•S  2 

Q) 

d d 

C3  'o 
00 

c3 

o 

fe  2 

BO  P- 

^ O) 

^■'  I 

WJ  § 

n3 
P ^ 

.2  & 
w a 


rS  P 

:b  d 

rH 

pp  d 
C CQ 
Sj 

'T3  O 

CO  03 
2 

d Q 

05  CO 

bO  ^ 

r4 

O c3 


Ci. 


tA  ^ 


•n 

c 


181 


Table  II.— SEPAEATION  OF 


Tlic  pi-ccii)itato  may  contain  SEg’S,  PbS,  BI2S3,  CuS,  CdS,  SnS,  S11S2,  SboSa,  Sb^Ss,  AS2S3, 

(Comp.  p.  89.)  Wash  the  precipitate  imtil  free  from 


Residue. — Wash  well;  boil  in  a little  concentrated  MO2H0, until  all  action  ceases.  Dilute  with 
water ; add  dilute  SO2II02,  as  long  as  a precipitate  is  produced ; allow  to  cool  and  add  an  equal  ' 
bulk  of  alcohol  (methylated)  ; fdter  (floto  2).  ' 


I?  ESTDUE. — May  contain  Kg’S,  S02Pbo” 

and  S.  Boil  in  ammonic  acetate  : Solution. — Boil  off  the  alcohol,  add  excess  of  AniTTo  ; 

SO.iBbo"  dissolves  ; allow  to  cool  boil  and  filter, 
and  lilter. 


Residue  consists 
of  Kg’S  and  S, 
or  of  >S  only. 

Confirin  by  re- 
ducing the  dried 
Hg-S  in  a bulb- 
tube  with  dry 
OONaoo. 

Metallic  mirror 
and  globules. 

I'rcseiicc  of  llff. 

(as  mercuricum.) 


Solution. — Add 
Cr02Ko2,  ycl- 
I low  precipitate 
I of  CrOoPbo". 

Presence  of  I’b. 


Tho  1’HECIPITATE 
consists  of 
BiIIo;|.  Dis- 
solve in  a few 
drops  of  dilute 
HCl ; evapo- 
rate nearly  to 
dryness  and 
add  water. 
Milkincss  from 
BiOCl. 

Presence  of  Ri. 


% 


Solution. — Acidulate  slightly  with 
IICI  and  pass  SH2  ; filter  off  and 
wash  the  precipitate  with  weak  SHo 
water.  Boil  with  dilute  SO2II02 
and  filter. 

Residue.  — Dis- 
solve in  UOoHo; 
add  slight  excess 
of  AmJIo,  then 

{ COHo, 

K4FcCy6.  Brown 
. precipitate  of 

Cii2PcCy6. 

Solution.  — Add 
Am  Ho  and  pass 
SHj.  Yellow 

precipitate  of 

CdS. 

Presence  of  CU. 

Presence  of  Cu. 

J- 


\ , 
I 


\ 


I 


1 Cu3  is  somewhat  soluble  in  S2Ain2  and  Hg^S  in  SN'a2.  It  is  therefore  advisable  to 

If  both  CuS  and  21  gS  are  present  dissolve  in  S2Am2,  when  a little  CuS  will  bo  found  in  tho 

2. SO2  Pbo"  is  more  insoluble  in  alcohol  and  water  than  in  water  alone. 

j^Qlg  3. Separation,  As,  Sb,  Sn.  Treat  solution  of  sulphides  in  alkaline  sulphide  with  a 

Wash  with  liofc|cQ|qo  solution.  Eiltrate  contains  Sn ; dilute  largely  and 

COlIoAmo  as  above. 
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THE  METALS  OP  GROUP  II. 


(All  and  Pt  must  be  tested  for  specially  in  a separate  portion  of  the  filtrate  from  Group  I). 
HCl;  boil  with  NaHo,  or  S2Am2,  and  filter  (Note  1). 


Solution  may  contain  As,  Sb,  Sn  (An  and  Pt)  as  sulpho-salts.  Acidulate  with  dilute  hydro- 
chloric  acid,  AS2S3,  Sb2Ss,  and  SnS2  are  reprecipitated.  Filter  and  w'ash  ; digest  with 
COHoAmo  and  filter  (Note  3). 


Eusidue  consists  of  SbjSs  and  SnSo.  Dissolve  in  boiling 
HCl.  Introduce  into  a Marsh’s  apparatus  in  which 
hydrogen  is  generated  by  means  of  pure  Zn  and  HCl. 

- — 


SbHs  comes  off.  Collect  as 
metalhc  Sb  on  porcelain  or 
glass  and  identify  the  de- 
posited metal  by  means 
of  ClNao  or  dry  HCl  gas. 

Presence  of  Sb. 


The  BESIDUE  in  the  gene- 
rating flask  consists  of  Zn 
and  Sn. 

Detach  the  precipitated  Sn 
from  the  strips  of  zinc ; 
wash  and  dissolve  in  a 
little  concentrated  HCl  by 
the  aid  of  platinum-foil. 
Dilute  with  water,  and  add 
HffCl,.  A white  precipi- 
tate of  Hg'^Clo,  or  of  grey 
metallic  Hg,  is  obtained. 

Presence  of  Sn. 


Solution  contains  AS2S3. 
Eeprecipitate  by  adding  HCl. 
Confirm  the  presence  of  As 
by  reducing  with  KCy  and 
CONao2  in  a bulb-tube. 
Metallic  miiTor  and  garlic 
odour. 

Presence  of  As. 


dissolve  the  precipitate  in  the  absence  of  CuS  with  S-Anio,  and  in  the  absence  of  Jig’S  with  SNas. 
solution.  (CuS  is  also  slightly  soluble  in  NaHo  in  the  presence  of  some  organic  substances.) 


boiling  concentrated  solution  oxalic  acid.  AS1S3  and  Sb.2S;i  are  precipitated, 

neutralize  with  AmHo,  or  reduce  with  metalhc  zinc.  Separate  AS2S;,  from  SbiS3  with 
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Table  III  A.— SEPARATION  OP  THE 


A.  POH03  l8  absent. — Dissolve  tlie  precipitate  from  Gtroup  IIIa.  in  a little  dilute  HCl,  with  the 

is  perceptible.  Filter  off  sulphur  if  necessary.  Nearly  ueutrahze  solution  with  p^^aoa ; add 
possible.  Pour  off  the  elear  hquid,  which  contains  the  chlorides  of  the  metals  Zn,  Mn,  JNi 
chlorides  of  Fe*'',  A1‘''  and  Cr*^ ; throw  the  precipitate — which  contains  the  hydrates  (and  basic 
hot  water. 


Solution.— Eemovo  BaCh  by  adding  a few  drops  of  dilute  SOoHoa ; boil, 

and  filter  off  SOaBao".  Nearly  neutralize  the  filtrate  with  CONaoa,  and  add  pure  NaHo, 
till  the  solution  becomes  alkaline  ; bod  and  filter. 


The  PEEOIPITATE  may  contain  DlnHoa,  CoHoj  and  NiHoj.  Wash, 
dissolve  in  a little  dilute  HCl ; nearly  neutralize  with  AmHo  ; add 

excess  of  | ©OAmo  acetic  acid  ; pass  a rapid  cm-rent  of 

SHo  for  several  minutes  through  the  solution  and  filter. 


r oci 

Kesidue. — Dissolve  in  HCl  and  > nearly 

neutralize  with  CONaOj  ; add  a weak  solu- 
tion of  KCy,  so  as  just  to  redissolve  the 
in-ecipitate  first  produced.  Boil  briskly  tor 
some  time,  allow  to  cool  (filter  off  any  slight 
precipitate),  and  add  a strong  solution  ot 
ClNao  ; allow  to  stand  for  some  time  m a 
warm  place,  as  long  as  a black  precipitate 
forms,  and  filter. 


The  SOLUTION  may  con- 
tain zinc  as  ZnNaoo. 
Add  SHa.  White 
precipitate  of  XnS. 

Presence  of  Zn. 


Tlio  SOLUTION  con- 
tains the  manganese 
as  acetate. 

Add  AmCl,  AmHo  and 
SAma- 

Flcsli-coloured  preci- 
pitate of  MnS. 

Presence  of  Mn. 


Peecip.  — NiaHofl. 
Confirm  by  heating 
a small  portion  of 
it  on  a borax-bead 
before  the  blowpipe 
flame. 

A yellowish  to  sherry- 
red  bead. 

Presence  of  Ni. 


The  SOLUTION  con- 
tains the  cobalt  as 
KgCoaCy la.  Evapo- 
rate to  dryness,  and 
test  a little  of  the 
residue  before  the 
blowpipe  flame  on  a 
borax  bead. 

A blue  bead  in  both 
flames. 

Presence  of  Co. 


■NT  TT  ViB  Tirocured,  a comparative  test  should  be  made,  by  acidulatiiig  a 
•whether  A1  be  present  or  not  in  the  mixture. 
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METALS  OP  GROUP  IIIa. 


Digest  at  a gentle  heat,  as  long  as  any  chlorous  odour 


addition  of  a few  small  crystals  of  | oXo' 

COBao"  and  shake  well.  Allow  to  subside  in  a flask  kept  corked,  to  exclude  the  air  as  much  as 
and  Co,  as  weU  as  SaCh,  arising  from  the  double  decomposition  of  the  COBao",  by  the 
salts)  of  Fe"",  Al*''  and  Cr*'',  as  well  as  the  excess  of  COBao"  employed — on  a filter  and  wash  wth 


Peecipitatb. — Dissolve  in  dilute  HCl ; remove  the  BaCL  thus  formed,  by  dilute  SOjHoo  and 
filter.  Nearly  neutralize  the  filtrate  with  CONaoj,  and  add  pure  NaHo  (free  from  alumina) 
(Note  1)  in  excess,  and  boil  for  some  time.  reoHoo  and  CraHog  are  precipitated.  AloHog 
dissolves  in  excess  of  NaHo. 


Peecipitatb. — Fuse  with  fusion-mixture  and  NOoKo  on  pla- 
tinum foil.  Dissolve  the  alkaline  chromate  which  is  thus 
formed  in  hot  water,  and  filter. 


Solution. — Acidulate  with  di- 
lute HCl  and  add  AniHo 
in  slight  excess. 

White  gelatinous  precipitate. 


Eesidue. — Dissolve  in  dilute 
HCl  and  add  K4FeCyg. 

A precipitate  of  Prussian 
blue. 

Presence  of  Fe. 

Dilute  and  test  the  original 
HCl  solution  specially  for 
Fe"  and  F'e’''  by  means  of  a 
solution  of  OTll206Ko2,  as 
well  as  by  means  of  K4FeCyg, 
KgFejCyu,  or  CyAms. 


Solution,  yellow.  Confirm  by 

iC/EE 
COHo 

adding(  j 

Yellow  precipitate  of 
CrOoPbo". 


Presence  of  Cr. 

Test  the  original  substance 
specially  for  CraOg  and 
CrOg,  by  boiling  a small 
portion  with  CONaoo.  The 
filtrate  contains  the  chro- 
mate, and  the  residue  the 
Cr203.  The  latter  may  be 
converted  into  a soluble 
alkaline  chromate  by  fusion 
with  CONa02  and  NO^Ko. 


Presence  of  Al. 


quantity  of  sodic  hydrate,  about  equal  in  bulk  to  that  employed  for  redissolving  the  alumina,  and 
fjfrom  the  reagent  alone,  at  all  equals  that  of  tho  AIqHo^  precipitate  it  must  remain  doubtful 
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Table  III  B.~ SEPARATION  OF  THE 


^ho  SOLUTION  may  contain  tho  chlorides  (N°ot?2)fdro^p\f  long 

and  fiLrhot.  Wash  with  hot  .vater. 


The  SOLUTION  contains  ^SXof  thrS^Unfearths-tho  whd^ 

Group  III,  «8  ivoll  as  of  the  metais  eliminated.  Add  AmCl,  AniHo 


The  PEBOiPiTATE  con- 
sists of  2*202Fe:0'' 
and  ferric  acetate. 
Keglcct. 


Soi.UTioN.-Add  COAmoo. 


A white  PEECIl-n-ATE 

■which  may  bo — 
COBao", 
COSro", 
COCao". 

Examine  by  Table 

(without,  however, 
mixing  it  with  tlic 
ni'ccipitate  obtaiiiccl 

in  Group  IV). 


Solution  may  contain 
Mg.  Add 
pOHoNao2. 
White  crystalline  pre- 
cipitate. 


Examine  peeoipitatb 
according  to  Table 
IIlAforCo,  Ni,Mn, 
Zn,  A1  and  Or. 


Presence  «f  MS 

(as  phosphate'.) 


Test  a portion  of  the 
original  substancGj 
dissolved  in  water  or 
HCl,  for  Fe''  and 


— riJi-  apportion  of  this  hydrochloric 

Ca  and  Mg.  lu  this  case  no  fc  w th  Lmat'ion  of 

me  3.-InBtead  of  fusing  decomposes  the  ferric  phosphate,  wit 

with  NaHo,  which  dissolves  P.O.Al,  ^ 

reprecipitated.  the  P-.Os  may  be  oompletely  rein  which  eontaiiis  all  the  P;Ooi 

me  A-^In  acid(Sn,OJIo,„),nluc 


Tfofie  'll. — in  "“'■‘V  — 7,  . 

diluting  and  filtering  from  tliemso 
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METALS  OF  GROUP  ITIb. 

the  aeneral  Table  under  aroup  Ills.,  in  dilute  HCl,  with  the  addition  of  a few  crystals  of 
Pd  ter  off  sulphur,  if  necessary  (Noted).  The  solution  may  now  contain  the  chlorides  of  the 

r CM 

Mg.  Nearly  neutralize  with  a dilute  solution  of  CONa03 ; then  add  a solution  of  -j 


The  PEEOIPITATB  may  consist  of  P202Al20''‘  (Note  3),  PjOaCrjO''*.  Dry  on  the 

filter.  Puse  in  a platinum  crucible  with  SiOj  and  pure  fusion  mixture,  together  with  a litthi 
NOjKo.  Dissolve  in  hot  water,  add  COAmOj;  digest,  allow  to  subside  and  filter.  If 

{ COHo  { CONao  precipitate  but  red  coloration.  Pc'''  is  already  in  excess  ; adtl 

POHoNnoo  until  colour  just  disappears;  boil  filtration  precipitate  = Pe,  Or,  A1  as  phosphate.s. 


Kesidtje  may  consist  of  SiHo4,  SisOsPe^o''*,  SiaOsAlso''*  and  PenHos. 
Acidulate  with  HCl ; evaporate  to  dryness  and  ignite  gently.  Extract 
with  a few  drops  of  concentrated  HCl  and  hot  water.  Filter. 


SoiiUTiON. — Add 
{ COHo 


Solution. — Nearly  neutralize  with  CONao;,  and 
add  pure  NaHo  in  excess.  Heat  and  filter. 


Residue. — PCoHos. 
Confirm  by  dissolv- 
ing in  HCl  and 
adding  CyAms.  A 
blood-red  colom’. 

I're.sence  of  Fe 

{as  2ihosphate) . 


Solution. — Acidulate 
with  dilute  HCl  and 
add  AmHo  in  slight 
excess. 

A white  gelatinous  pre- 
cipitate. 

Fresence  of  A1 

{as  phosphate). 


Residue  SiOj.  Yellow  precipitate. 

Neglect.  ” Presence  of  CrO„  and 

therefore 

Pi’eseiicc  of  Cr. 

{as  phosphate). 

A white  precipitate  of 
P20oPbo"3  indicat- 
ing the  presence  of 
POHoj,  may  be  neg- 
lected. 


pliosphoric  acid.  The  absence  of  a yeUow  precipitate  proves  that  no  phosphates  of  Al,  Cr,  Bn,  Sr, 
SAmn.  Proceed,  therefore,  to  examine  the  solution  at  once  by  Table  IIIa. 

it  is  obvious  that  no  phosphates  of  the  alkaline  earthy  bases  are  left,  the  FejClg  derived  from  the 
of  the  alkaline  earthy  metals  in  an  acetic  solution  into  ferric  phosphate  and  chlorides  of  Ba,  Sr, 
examination  of  the  filtrate  may  at  once  be  proceeded  with  according  to  Table  IIIa. 

is  rarely  met  with)  may  also  be  ascertained  by  boiling  the  precipitated  phosphates  of  PeandAl 
PeiHoj.  Eilter.  ioidulate  the  filtrate  with  dilute  HCl ; add  AmHo,  when  PaOjAljO’'*  is 


.substance  by  treating  with  metallio  tin  (tinfoil  or  granulated  tin),  and  concentrated  NO^Ho  ; 
the  filtrate  may  bo  examined  by  Table  IIIa.  Sn.  must  of  course  bo  looked  for  inauother  portion. 


; OF  GROUP  IV. 
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EXAMINATION  FOR  ACIDS. 

Before  proceeding  to  tlie  examination  for  acids,  the  student  will 
do  well  to  consider  carefully  which  acids  can  possibly  he  combined 
with  the  bases  present.  A pci’usal  of  the  Table  of  Solubility  of 
Salts,  given  in  the  Appendix,  will  materially  aid  him,  and  will  pro- 
bably save  much  labour  aiid  time. 

Some  acids  are  detected  on  examining  for  bases,  viz.,  As20i, 
Ab  .Oo,  SiOo,  and  POH03  in  combination  with  metals  of  Groups  111 
and  IV,  CrOaHo^,  CO2,  SH^,  SOHo^,  SSOHo^,  ClIIo,  NOHo,  the 
six  lastly  mentioned  acids  on  dissolving  the  substance  in  dilute  HCl,. 
or  on  adding  HCl  in  Group  I. 

A careful  preliminary  examination  for  acids  will  probably  lead 
to  the  detection  of  a fiu'ther  number  of  acids,  e.g.,  of  HI,  | 

HBr,  I and  | NO^Ho,  (NOHo),  HCl,  (ClHo),  HF, 

HCy,  H.FcCyo,  HcFe^Cy.^,  CyHo  and  Cylls,  | COHo- 

The  presence  of  other  organic  acids  is  likewise  indicated.  When 
more  than  one  of  these  acids  is  present,  the  detection  is  somewhat 
more  difficult,  and  the  results  obtained  by  a preliminary  examination 
for  acids  requh’c  to  be  carefully  confirmed  by  the  examination  of  the 
solution.  Thus  a chloi-ido  in  the  presence  of  a nitrate,  when 
treated  with  concentrated  SO2H02,  evolves  chlorine  and  red  fumes 
of  lower  oxides  of  nitrogen;  in  the  presence  of  a chromate,  brownish- 
red  fumes  of  Cr02Cl2.  HgCl2,  Hg2Cl2,  or  SnCh  does  not  evolve 
HCl  when  treated  with  SO2H02.  Polysuliahides,  when  treated  with 
HCl,  evolve  SH2,  with  separation  of  sulphur.  SO2  and  SH2,  when 
evolved  simultaneously,  destroy  each  other,  etc. 

When  the  preliminar}’’  examination  gives  no  distinct  indication 
of  the  presence  of  any  of  the  acids  just  mentioned,  SO2H02,  BH03, 
POH03,  Si02  will  have  to  be  looked  for. 

The  student  must  bear  in  mind  that  acids  cannot  be  detected 
in  tbe  same  systematic  order  as  bases,  and  that  he  ought,  therefore, 
never  to  be  satisfied  till  he  has  confirmed  the  presence  of  acids  by 
the  most  characteristic  special  tests. 


PRELIM  INARY  EX  A:\IINATI0N  FOR  ACIDS. 


PUELBIINARY  EXAMINATION  FOR  ACIDS. 
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BH03  will  only  crystallize  from  dilute  acid  solutions  ; strong  ts02Ho2  will  give  no  precipitate. 
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Preparation  of  Solutions  for  Acids. 


Great  care  ought  to  be  bestowed  upon  the  preparation  of  the 
solutions  required  for  the  examination  of  acids.  On  boiling  a por- 
tion of  the  substance  under  examination  with  CONaoo  nearlj'-  all  the 
metals  other  than  alkalies  are  precipitated  in  the  form  of  carbonates 
basic  carbonates,  or  oxides. 

(It  is  necessary  to  decompose  the  salts  first  in  order  to  preyent  the  precipita- 
tion by  the  several  reagents  employed  for  the  detection  of  acids  in  the  wet  way, 
e.(j.,  of  Bn,  Sr,  Ca,  or  Pb,  on  the  addition  of  SOoCao"  or  SO..Mgo";  of  Ag, 
'Hg'o  or  Pb,  by  BaClj  or  CaClo;  of  Fe  and  others  by  AmHo,  etc.,. etc.) 

The  precipitate  produced  by  C01Srao2  (which  reagent  ought  to 
be  added  in  the  least  possible  excess)  is  filtered  off,  and  the  filtrate 
tested  with  a few  more  drops  of  CONaOj.  If  no  further  precipita- 
tion takes  place,  the  solution  is  heated  to  boiling,  and 

1.  Dilute  HCl  added  to  a portion  of  it,  as  long  as  CO2  is  evolved, 
and  till  the  solution  is  rendered  distinctly  acid. 

(Small  quantities  of  S0.2Nao2  and  NaCi  arc  almost  invariably  contained  in 
the  commercial  CONaoo ; it  is  therefore  necessary  to  tost  a jjortion  of  the 
aqueous, or  1101  solution  of  the  substance,  prepared  without  the  intervention  of 
CONao;,  for  SO2II02  by  moans  of  BaClo.  A nitric  acid  solution  of  the  original 
substance  is  in  like  manner  tested  for  HCl  by  adding  HOjAgo.) 

2.  Another  portion  of  the  alkaline  filtrate  is  rendered  acid  by 
means  of  dilute  NO2H0  and  boiling. 


and  lastly — 

4.  A fourth  portion  of  the  alkaline  solution  is  carefully  neu- 
tralized by  first  adding  dilute  NO2II0,  drojs  by  drop,  and  boiling, 
as  long  as  CO2  is  evolved,  and  till  the  solution  is  distinctly  acid  to 
test-paper : then  by  adding  a few  drops  of  very  dilute  AmHo,  till 
the  solution  gives  a neutral  reaction  with  blue  and  red  litmus- 
papers.  The  strictest  attention  should  he  x>ctid  to  these  directions,  and 
the  least  possible  excess  of  either  acid  or  alkali  should  be  employed, 
since  the  precipitation  of  several  acids  is  prevented  by  the  formation 
of  an  ammonic  salt  in  anything  like  large  quantities,  on  account  of 
the  formation  of  a soluble  double  salt,  e.g.,  ammonic  calcic  tartrate, 
ammonic  calcic  citrate,  etc. 

If  the  preliminary  examination  for  bases  has  shown  the  presence 
of  ammonic  salts,  it  is  necessaiy  to  decompose  them  by  boiling  with 
caustic  NaHo,  before  preparing  Solution  IV. 

Ebullition  or  fusion  with  CON"ao2  decomposes  the  phosphates  of 
the  alkaline  earths  but  very  imperfectly,  and  the  phosphoric  acid  so 
combined  is  invariably  detected  by  means  of  Mo02Amo2.  (Comp. 
Table  III  B.) 

If  organic  acids  are  present  in  combination  with  heavy  metals 
(viz.,  those  of  Groups  I and  II),  SHj  should  bo  passed  through  the 
slightly  acid  (HCl)  solution  and  the  precipitate  filtered  oil'.  The 
solution  is  freed  from  SH2  by  boiling,  then  rendered  slightly 


3.  A third  portion  is  rendered  acid  by  means  of  dilute 
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alkaline  by  means  of  a few  drops  of  NaHo  and  tested  by  means  of 
CaClj  (ammonic  salts  should  be  carefully  avoided). 

No  further  notice  need  he  taken  of  the  following  acids : CO2, 

SH2,  SO2,  NOHo,  ClHo,  I coHo’  detected  with 

certainty  by  a preliminary  examination,  and  as  they  would,  for  the 
most  part,  be  lost  on  acidulating  the  solutions. 

PoETioN  Acidulated  with  HCl. 

SO0H02. — On  the  addition  of  BaCl^  a white  precipitate,  insoluble  on 
boiling. 

SiHo4. — On  the  addition  of  AmCl  or  COAmoz  a gelatinous  pre- 
cipitate, requiring  no  further  confirmation,  since  Si02  is  left 
on  eva,porating  the  filtrate  from  Group  II  with  NO2H0. 
IIiFeCye. — On  the  addition  of  FejCU  a deep  blue  precipitate. 

„ „ SOaFeo"  light  „ „ 

HoFeaCyn.—  „ „ „ dark  deep  „ „ 

„ „ FeaCle  a brown  coloration  only. — If 

both  acids  are  present,  filter  off,  after  adding  FeaCh,  and 
observe  the  colour  of  the  filtrate.  On  the  addition  of  SnOb, 
or  SOH02,  to  the  filtrate,  a blue  precipitate  is  immediately 
obtained,  confirmatory  of  the  presence  of  HeFeaCyia. 

CyHs. — Fe.Cle  produces  a blood-red  coloration,  which  is  destroyed 
by  HgCla  and  not  by  HCl  (the  red  colour  which  acetic  acid 
imparts  to  a solution  of  FeaCb  is  destroyed  by  HCl). 
2HF,SiF4. — On  the  addition  of  BaCb  a gelatinous  translucent 
precipitate  of  BaF2,SiF4is  obtained,  which  is  decomposed  by 
strong  acids.  Confirm  by  heating  the  precipitate,  when 
volatile  SiF4  is  given  off.  AmHo  precipitates  gelatinous 
SiHo4  Avith  formation  of  AmF,  BaF2  and  OII2. 


Portion  Acidulated  with  NO2H0. 

HCl. — On  the  addition  of  N02Ago  a white  curdy  precipitate, 
soluble  in  AmHo.  For  the  distinction  between  hydrochloric 
and  chloric  acids  comp  pp-llfi  and  118. 

HBr. — On  the  addition  of  N02Ago  a yellowish- white  precipitate, 
difficultly  soluble  in  AmHo.  Confirm  by  adding  chlorine 
water  to  the  original  solution,  and  shake  up  with  ether. 
Bromine  dissolves  to  a yellowish-red  liquid. 

{ OHo' — addition  of  N02Ago  a white  amorphous  precipi- 
tate, little  soluble  in  water  and  dilute  NO2H0,  easily  soluble 
in  AmHo. — AgBr  and  Q^gQ  tnay  be  separated  by  wash- 
ing with  water.  Argentic  bromate  being  soluble  may  be 
detected  in  the  solution  by  the  addition  of  SOH02,  when  a 
precipitate  of  AgBr  is  obtained. 

For  the  distinction  between  HBr  and  HCl,  comp,  page  115. 

HI. — On  the  addition  of  NO* Ago  a yellowish- white  precipitate, 

0 2 
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OI 
OAgo’ 


scarcely  soluble  in  AmHo.  Confirm  by  the  blue  colour  im- 
parted to  starch  paste  by  the  iodine  liberated  by  N2O3  gas. 

OHo' — addition  of  NOoAgo  a white  precipitate  of  < 

sparingly  soluble  in  dilute  NO2H0,  soluble  in  AmHo  (Agl 
is  insoluble),  whence  Agl  is  precipitated  on  the  addition  of 
SOH02.  On  adding  acetic  acid  to  a mixture  of  an  iodide 
and  iodate  the  former  is  instantly  decomposed,  iodine  being 
sot  free, — most  readily  recognised  by  the  delicate  iodide  of 
starch  reaction. 

Distinction  hetioeen  HGl  and  HI. — HCl  in  the  presence  of 
HI  cannot  be  distinguished  in  the  same  ready  manner  as 
HCl  in  the  presence  of  HBr.  The  two  acids  are  preci- 
pitated by  NO^Ago.  The  precipitate  is  digested  with  AmHo 
and  filtered,  Agl  being  insoluble  in  AmHo.  Dilute  NO2H0 
reprecipitates  white  AgCl  from  the  filtrate. 
r Distinction  between  HGl,  HD.r,  and  HI. — Precipitate  the 
HI  as  CU2I3  by  means  of  SO2CU0''  and  S02Peo"  or  SOH02, 
and  filter.  Remove  the  cupilc  and  ferric  salts  by  a little 
pure  Nallo,  evaporate  the  filtrate  to  dryness,  and  examine 
for  HCl  and  HBr  by  testing  one  portion  for  HCl  with 
Cr206Ko2  and  SO2II02,  and  another  for  HBr  by  chlorine- 
water  and  ether. 

HCy. — On  the  addition  of  N02Ago  a white  curdy  precipitate, 
soluble  in  AmHo  and  alkaline  cyanides. 

In  order  to  distincjuisli  HCy  in  the  presence  of  HCl,  filter 
o9’  precipitate,  Wcusli  well,  and  ignite  in  a porcelain  crucible 
to  red  heat.  Dissolve  the  metallic  Ag  left  by  the  decom- 
position of  AgCy  with  a little  hot  NO2H0,  and  test  the 
clear  solution  with  HCl.  A curdy  white  precipitate  indicates 
HCy.  Confii-m  also  by  the  reaction  with  ferroso-ferric  salts, 
KHo  and  HCl  in  a fresh  portion  of  the  solution. 

Distinction  between  HGl,  HBr,  HI,  and  HGy. — Test 
specially  for  HCy,  before  proceeding  to  the  examination  of 
the  other  acids  as  described,  by  treating  a small  quantity 
of  the  mixed  salts  in  a porcelain  dish  with  very  dilute 
SO2II02,  and  causing  the  evolved  HCy  to  act  upon  a drop 
of  N02Ago,  or  a little  S2Ani2,  contained  in  a second  por- 
celain dish,  inverted  over  'the  one  containing  the  mixed 
salts.  A white  precipitate  of  AgCy  is  obtained;  or  the 
CyAms  which  is  formed  gives  a blood-red  colour  with  ferric 
salts,  affording  equally  conclusive  evidence  of  the  presence 
of  HCy. 

Cylls  I 

Il4FeCy6  > are  likewise  precipitated  on  the  addition  of  N02Ago, 

HcFeaCynJ  „ . , 

and  are  insoluble  in  dilute  NO2II0.  The  first  and  second 
form  salts  which  are  insoluble  in  AmHo,  whilst  Ag^FcaCyig 
is  readily  soluble.  These  acids  are,  however,  detected  in  the 
portion  acidulated  with  PICl.  In  some  compounds  of  these 
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acids  witli  metals  of  Groups  I and  II,  it  is  necessary  to  boil 
with  dilute  sodic  carbonate  solution,  and  pass  SHo,  and 
filter  off  the  sulphides.  The  acids  exist  then  as  sodic  salts. 

No  other  evanogen  componncl  but  a cyanide  gives  off  HCy  when 
treated  with  very  dilute  SOjHoo,  and  it  is  therefore  possible  also  to 
distinguish  HCy  in  the  presence  of  CyHs,  CyHo,  H4FeCyo,  HoFejCyij. 


Portion  Acidulated  with 


rcH, 

\ COHo- 


HP.— On  the  addition  of  CaCb  a white  prelatinous  precipitate. 
SO0H02  is  likewise  precipitated  by  CaCl2  in  an  acetic  acid 
solution ; it  is  therefore  necessary  invariably  to  test  specially 
for  HP,  by  etching  on  glass. 


I — On  the  addition  of  S020ao"  a white  precipitate  of 

[ OU-tlo' 

i CO  obtained,  which  on  ignition  leaves  COCao", 

soluble  with  effervescence  in  cqjJq.  (Calcic  fluoride  is  not 


affected.) 

Cr02Ho2. — On  the  addition  of  plumbic  acetate  a yellow  precipi- 
tate. 

POH03. — On  the  addition  of  FejClg  a yellowish- white  gelatinous 
precipitate  from  a solution  of  a soluble  phosphate,  or  a phos- 
phate decomposable  by  boiling  with  CONao2.  Arsenic  acid, 
if  present,  should  be  first  removed  by  means  of  SHg. 


Portion  Rendered  Neutral. 

Tartaric  acid — TH02. — On  the  addition  of  CaCl2  a white  precipi- 
tate, soluble  in  AmCl  or  cold  KHo. — SO2H02,  COHo’  ’ 

POH03,  ASOH03,  BH03,  CO2,  SOH02,  are  likewise 

precipitated  by  CaCl2  from  a neutral  solution,  and  TH02 
can  obviously  be  detected  only  by  further  special  tests  in 
the  presence  of  any  of  these  acids.  The  most  characteristic 
reaction  consists  in  warming  some  TAgOo,  dissolved  in  very 
little  dilute  AmHo,  in  a water-bath,  until  a bright  mirror 
of  metallic  silver  is  obtained  on  the  sides  of  the  test-tube. 

Citric  acid — CiHo3. — On  the  addition  of  CaCl2  no  precipitate  is 
obtained  till  excess  of  AmHo,  or  CaHo2,  has  been  added 
and  the  solution  boiled. 

The  detection  of  tartaric  and  citric  acids — indicated  during 
the  preliminary  examination  by  a strong  odour  of  burnt  sugar 
— requires  great  care  and  strict  attention  to  the  few  points  of 
distinction  which  exist  between  them.  The  precipitate  pro- 
duced by  CaCl2  in  the  cold  should  be  filtered  off,  and  the 
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filtrate  tested  for  CLH03,  by  adding  a drop  of  AmSo  and 
boiling,  when  a fresh  precipitate  of  calcic  citrate  is  obtained. 
CiAg03  dissolved  in  dilute  AniHo,  forms  a less  lustrous 
mii’ror,  and  only  after  boiling  for  a long  time. 

Boric  acid — BH03. — Boric  acid  is  sometimes  indicated  in  the  pre- 
liminary examination  by  the  swelling  up  of  some  of  its  saline 
compounds,  and  the  precipitation  of  a concentrated  solution 
of  a borate  with  moderately  dilute  SOjHoj  or  HCl. 

More  delicate,  however,  is  the  reaction  which  boi’ic  acid 
gives  with  turmeric  paper,  and  the  colour  which  boric  fluoride 
imparts  to  the  flame.  (Comp,  pages  140,  141,  and  129.) 

Benzoic  acid — BzHo. — On  the  addition  of  Fe^Clg  a pale  yellow 
precipitate.  Confirm  by  the  reactions  which  a benzoate 
tjives  in  the  preliminary  examination,  since  a precipitate  of 
Fe^Hog  is  frequently  mistaken  for  ferric  benzoate,  owing  to 
imperfect  neutralization. 

Succinic  acid— SuHo,. — On  the  addition  of  FeoClgU  reddish-brown 
precipitate. 

For  the  distinction  hetwocn  henzoic  and  succinic  acids,  com- 
pare page  159. 
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REACTIONS  OF  THE  RARE  METALS, 

Metals  are  termed  rare  when  they  occur  in  nature  to  a limited 
extent,  and,  for  the  most  part  only,  in  certain  minei’als,  and  in 
certain  localities.  Some  of  the  heavy  metals,  possessing  very  little 
affinity  for  oxygen,  such  as  Palladium,  Rhodium,  Osmium,  Ruthe- 
nium, and  Iridium,  are  found  native,  and  associated  with  the  native 
metals  Platinum  and  Gold.  Others  are  found  in  combination  with 
oxygen,  such  as  Titanium,  Uranium,  Tantalum,  and  Niobium;  with 
siilphur  or  arsenic,  such  as  Tungsten  or  Wolfram,  Molybdenum, 
Vanadium,  Thallium,  and  Indium. 

Others,  especially  the  rare  metals  usually  classified  among  the 
so-called  light  metals,  having  a specific  gravity  for  the  most  part  of 
less  than  5,  and  yielding  insoluble  oxides  which  are  mostly  specifi- 
cally heavier  than  their  metals,  such  as  Glucinum,  Zirconium,  Tho- 
rium, Cerium,  Lanthanum,  Didymtum,  Yttrium,  Erbium,  are  chiefly 
met  with  in  nature  as  oxides,  in  combination  with  silica  (sometimes 
combined  with  titanic,  niobic,  and  tantalic  acids)  ; and  lastly,  the 
rare  metals  of  the  so-called  alkali  gi’oup,  whose  oxides  possess  the 
most  pronounced  basic  character  and  are  soluble  in  water,  such  as 
Lithium,  Rubidium,  and  Caesium,  are  chiefly  met  with  as  salts, — 
carbonates,  phosphates,  or  silicates — and  in  a*  soluble  condition,  in 
sea-water,  or  in  certain  mineral  springs. 

The  rare  metals  cannot  be  studied  with  advantage,  -without 
taking  into  account  their  mineralogical  associations ; and,  as  many 
of  them  have  as  yet  been  imperfectly  investigated,  they  present 
difficulties,  to  be  overcome  only  by  careful  attention,  not  merely  to 
the  distinctive  analytical  features,  but  to  their  general  chemical 
history. 

The  following  is  the  analytical  position  assigned  to  these  metals 
by  the  various  group-reagents : — 

Group  I,  Precipitated  by  JPOl: — Tungsten,  as  tungstic  acid; 

niobium,  as  niobic  acid;  thallium,  as  chloidde. 
(Tantalum,  as  tantalic  acid,  and  molybdenum,  as 
molybdic  acid,  are  soluble  in  excess  of  HCl.) 

Group  II.  Precipitated  by  SII2,  from  a HCl  solution,  as  sul- 
phides ; — 

(A.)  Insoluble  in  yellow  ammonic  sulphide: — 
Palladium,  rhodium,  osmium,  and  ruthe- 
nium. 
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(B.)  Soluble  in  yelloiv  ammonic  stdphide : — Gold, 
platinum,  iridium,  molybdenum,  tellurium, 
and  selenium. 

Group  III.  Precipitated  hy  AmGl,  AniHo,  and  — Ura- 

nium, indium  (thallium),  gallium,  as  sulphides ; 
glucinum  or  beryllium,  thorium,  zirconium,  cerium, 
lanthanum,  didymium,  yttrium,  erbium,  titanium, 
tantalum,  aud  niobium,  as  hydrates.  Vanadium, 
precipitated  as  sulphide,  on  adding  HCl  to  the  fil- 
trate. 

Group  IV.  None. 

Group  V.  Lithium,  caesium,  and  rubidium. 


METALS  OF  THE  ALKALIES. 

The  alkali  metals.  Caesium,  Rubidium  (potassium,  sodium),  and 
Lithium  are  remarkable  for  their  highly  electropositive  character, 
the  powerfully  alkaline  nature  of  their  oxides  and  hydrates,  and  the 
very  general  solubility  of  their  salts.  Caesium  appears  to  be  the 
most  highly  electropositive  member,  whilst  lithium  shows  the  least 
electropositive  character.  They  exhibit  analogous  gradations  in 
their  respective  combining  weights,  fusion-points,  specific  gravity, 
action  upon  water,  and  the  solubility  of  their  carbonates,  thus : — 


Caesium. 

E/uhidium. 

rotassium. 

Sodium. 

Lithium. 

Atomic  weights  . 

133 

85-5 

39-1 

23 

7 

Fusion-points  . 

. Below  38  ’5 

88  -5°  C. 

62  -5°  C. 

96°  C. 

180°  C. 

Specific  gravity) 
at  15°  C.  . . J 

(?) 

1-516 

•865 

■97 

•59 

Action  of  the  1 

1 Docompoflos 

Do.,  but  docs 
not  generally 
inflame  the 

Do.,  hut 
with  less 
violence. 

metals  upon 

1 water  in  tlie  cold, 
r the  hydrOBcn  lie- 

Do. 

Do. 

water J 

1 coming  inflamed. 

hydrogen. 

Solubility  of' 

the  respective 

1 COCso., 

CORboo 

COKoo 

CONa02 

COLioo 

1 V. 

I 

Not 

Difticultly 

r 

V 

carbonates  . . ^ 

1 Highly  deliquescent,  absorbing 

dcliques- 

soluble  in 

water  speedily  from  the  air. 

cent. 

water. 

Lithium,  in  fact,  appears  to  form  the  connecting  link  between  the 
alkali  metals  and  the  metals  of  the  alkaline  earths.  This  is  shown 
more  especially  by  the  comparatively  insoluble  nature  of  its  phos- 
phate and  carbonate. 


REACTIONS  OF  THE  RARE  METALS  OF  THE 
ALKALI-GROUP. 

1.  CAESIUM,  C.s.  Atomic  weight,  133. — Occurs  in  very  small  quantities  in 
many  mineral  waters,  as  CniiOKiUE,  and  in  a few  minerals  {LepidolUe.<i)  ; in  largo 
quantities  in  the  rare  felspatliic  mineral  Pollux,  found  in  Elba,  said  to  contain 
34  per  cent,  of  Coosia. 

Both  caesium  and  rubidium  were  discovered  by  Bunsen  and  Kirehhoff  in 
I860,  whilst  examining  spectroscopically  the  saline  residue  left  on  ovaporaling 
largo  quantities  of  the  Purlcheim  mineral  water.  The  metal  caesium  has  not 
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yot  been  isolated,  but  has  been  obtained  in  the  form  of  an  amalgam.  The 
hydrate,  CsHo,  is  very  soluble,  both  in  water  and  alcohol,  and  very  strongly 
alkaline.  The  carbonate  COCsoo,  resembles  potassie  and  rubidic  carbonate,  but 
is  soluble  in  5 parts  of  boiling  alcohol.  (Distinction  prom  COKo.^,  CONao;, 

AND  CORbOj,  WHICH  ABE  PRACTICALLY  INSOLUBLE  IN  AlCOHOL.) 

REACTIONS  IN  THE  DRY  WAY. 

When  heated  on  platinnm  wire,  in  the  inner  flame  of  the  bloY'pipe,  volatile 
caesium  salts  impart  an  intense  sky-lilue  colour  to  the  outer  flame.  (Hence 
tile  name  of  the  metal,  from  caesius,  sky-blue).  When  examined  with  the  aid 
of  a spectroscope,  principally  two  intensely  sUy-bliie  lines,  Csa  and  Cs^,  close 
upon  the  strontium  line,  SrS,  are  seen  (together  with  various  other  less  distinctly 
visible  hues  in  the  orange,  yellow,  and  green) . 

REACTIONS  IN  THE  WET  WAY. 

Use  a SOLUTION  op  Caesic  Chloride,  CsCl. 

PtClj  (I'latiulc  chloride)  produces  a ligkt  yellow  cry stalUne  (octahedral) 
precipitate  of  the  double  chloride  of  caesium  and  iilatinum,  2CsCl, 
PtCl^,  very  difficultly  soluble  in  boiling  water — -377  part  in  100  of  water.  The 
corresponding  potassie  platinic  chloride  is  dissolved  by  repeated  treatment  with 
boiling  water. 

THo2  (tartaric  acid)  produces  a colourless  transparent  crystalline  precipi- 
tate of  liydrlc  caesic  tartrate,  THoCso  ; about  8 times  more  soluble  in  water 
than  the  corresponding  rubidium  salt. 

Method  of  Separation  of  Cs  from  Rh. — SnCl^,  added  to  a solution  of  the 
chlorides  of  Na,  K,  Li,  Rb,  and  Cs,  containing  free  HCl,  forms  a heavy  white 
precipitate,  consisting  of  nearly  pure  caesic  stannic  cliloride,  2CsCl,SnCl4.  By 
recrystallization  from  a hot  hydrochloric  acid  solution,  the  crystals  are  obtained 
pure.  This  reaction  affords  an  easy  method  of  detecting  caesium  in  a mixture  of 
the  alkaline  chlorides.  A hydrochloric  solution  of  SbCls  acts  similarly,  by  preci- 
pitating a crystalHne  double  chloride  of  CsCl,  SbCl,.  The  precipitate  is  decom- 
posed by  water,  but  can  be  washed  without  decomposition  with  concentrated 
IICI.  The  other  alkaline  cldorides  (K,  Na,  and  Rb)  are  not  precipitated. 

2.  RlJBlDIUn,  Rb.  Atomic  weight,  85'5. — Occurs  widely  diffused  in 
nature.  It  is  met  with,  although  only  in  very  small  quantities,  in  a large  number 
of  minerals,  in  Lepidolites  and  in  mineral  waters,  likewise  in  the  ashes  of  many 
plants,  such  as  tobacco,  coffee,  beetroot,  &c.  The  metal  is  obtained,  like  potas- 
sium, by  heating  the  carbonate  with  carbon.  It  is  white,  more  easily  fusible 
and  convertible  into  vapour  than  potassium,  and  takes  fire  spontaneously  in  air. 
Its  oxide,  rubidia,  ORb.,,  is  a powerful  base,  and  its  salts,  like  the  corresponding 
caesium  salts,  are  isomorphous  with  those  of  the  metal  potassium.  The  hydrate, 
RbUo,  is  strongly  alkaline,  and  veiy  soluble  in  water  and  alcohol.  The  carbo- 
nate, CORbo2,  is  a,  deliquescent  salt,  insoluble  in  alcohol. 

REACTIONS  IN  THE  DRY  WAY. 

Volatile  rubidium  salts,  when  heated  on  a platinum  wire  in  the  inner  blow- 
pipe flame,  colour  the  outer  flame  dark  red  (hence  the  name  rubidium,  from 
rubidMs,  dark  red).  When  examined  spectroscopically,  two  dark  red  lines, 
Rb3,  and  Rby,  on  the  extreme  left  of  the  solar  spectrum  and  close  to  the  potas- 
sium line,  together  with  two  distinctly  violet  lines,  and  several  weaker  lines 
in  the  yellow,  readily  distinguish  rubidium  compounds. 

REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OP  Rubidio  Chloride,  RbCl,  is  employed. 

PtCl4  (platlnie  eiiloride)  produces  a light  yellow  crystalline  (octahedral) 
precipitate  of  raUldle  iilatiiiic  chloride,  2RbCl,  PtCl4,  very  difficultly  soluble 
in  boiling  water.  Tlio  solubility  of  the  double  chlorides  of  platinum  and  potas- 
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sium,  rubidium,  or  caesium  is  respectively  as  5'18,  '634,  aud  '377  in  100  parts  of 
boiling  water.  {Method  of  Sepai-ation  of  K from  Rb  and  Cs.) 

THoj^  (tartaric  aciil)  yields  a white  precipitate  of  liyrtric  rubirtlc  tar- 
trate, TIIoRbo,  which  is  soluble  in  10’3  parts  of  water  of  25^  0. 

Rubidium  and  caesium  resemble  potassium,  also,  iu  forming  alums,  which 
differ  considerably  in  their  solubility  iu  water.  100  parts  of  water  of  17°  C. 
dissolve  13'5  parts  of  potassium-alum,  2'27  of  rubidium — and  only  0’62  part  of 
caesium-alum. 

Separation  of  Caesium  from  Rubidium. — The  several  platinum  salts  are  fii’st 
prepared  ; and  after  having  been  gently  heated  in  a current  of  hydrogen,  the 
CsCl  and  RbCl  can  bo  separated  from  the  metallic  platinum  by  hot  water.  The 
two  chlorides  are  next  converted  into  carbonates,  by  digestion  with  COAg02. 
The  solution  can  then  be  evaporated  to  dryness,  and  the  COCsoj  extracted  with 
boiling  alcohol,  CORboj  being  insoluble.  Or  the  carbonates  may  be  converted 
into  acid  tartrates,  by  adding  to  the  solution  twice  as  much  tartaric  acid  as  is 
necessary  to  neutralize  it.  The  two  tartrates  are  separated  by  fractional  crystal- 
lizaUon,  hydric  rubidic  tartrate  crystallizing  out  first,  being  about  8 times  more 
insoluble  in  water  than  the  hydric  caesic  tartrate.  On  ignition,  the  pure  tar- 
trate yields  again  the  carbonate,  from  which  the  various  salts  may  then  be 
prepared. 


3.  IjITIIIIJM,  Li.  Atomic  weight,  7. — Appears  to  bo  widely  diffused  in 
nature,  although  it  is  found,  in  anything  like  quantities,  only  in  a few  silicates, 
especially  in  lUhia  mica  or  lepidoUte  (2  to  5 per  cent,  of  Li),  in  petalite  and 
spodumene,  and  in  a few  thosimiates,  such  as  triphylline,  or  ferrous  [man- 
ganous] lithic  phosphate,  3P202Feo"|,  POLiog  (with  3 to  4 percent,  of  Li),  and 
amblygonite  (6  to  9 per  cent,  of  Li).  It  has  also  been  found  in  many  mineral 
springs  — most  abundantly  as  yet  in  a mineral  spring  iu  Cornwall  — in  sea- 
water, in  the  ashes  of  various  kinds  of  tobacco,  and  other  plants,  and  in  some 
meteorites. 

The  metal  lithium  is  much  less  oxidizable  than  potassium  and  sodium.  It 
makes  a lead-grey  streak  on  jiapor.  When  freshly  cut,  it  has  the  colour  of  silver  : 
but  it  tarnishes  quickly,  on  exposure  to  the  air,  becoming  shghtly  yellow.  It  is 
harder  than  potassium  and  sodium,  but  softer  than  lead.  It  floats  on  rock  oil, 
and  is  the  lightest  of  all  known  solids,  its  specific  gi’avity  being  only  '59.  It 
decomposes  water  at  the  ordinary  temperatures,  with  evolution  of  hydrogen, 
forming  lithic  hydrate,  LiHo,  but  does  not  melt,  and  it  ignites  in  air  only  far 
above  its  melting  point  (180°  C.).  The  oxide,  OLL,  is  not  deliquescent.  The 
metal  is  prepared  by  passing  a powerful  galvanic  current  into  fused  lithic 
chloride. 

IlEACTIONS  IN  THE  DEY  WAY. 

Lithium  salts  are  more  fusible  than  potassium  or  sodium  salts,  and  impart 
a very  distinct  carinlne-rc«l  colour  to  the  blowpipe  flame,  w'hen  heated  on 
platinum  wire.  An  excess  of  potassium  salt  does  not  materially  interfere  with 
the  production  of  this  colour  ; but  the  presence  of  a small  quantity  of  soda  gives 
rise  to  a yellow  flame.  Lithic  phosphate  requires  to  be  moistened  first  with 
hydrochloric  acid.  Silicates  containing  lithia  must  first  be  decomposed  by  means 
of  oil  of  vitriol,  or  by  fusion  with  calcic  sulphate,  or  also  by  treatment  with 
hydrofluoric  acid.  By  means  of  the  spectroscope  tlie  occurrence  of  very  minute 
traces  of  lithium  may  be  readily  detected  by  a brilliant  criiiisoii  band,  Lia, 
between  the  lines  B and  C,  and  sometimes  a faint  yellow  line,  if  the  flame  of  a 
good  Bunsen  buimer  be  employed. 

EEACTION3  IN  THE  WET  WAY. 

Use  A SOLUTION  OF  LiTIIIO  ClILOEIDB,  LiCl. 

PtClj  produces  no  precipitate. 

POLIoNao2  (liyciric  cllsoillc  iiliospliatc) — but  not  the  corresponding 
potassium  salt — produces  on  boiling  a white  precipitate  of  lithic  pliosiiliatc, 
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2POLioo  + Aq,  very  little  soluble  in  cold  water  (2500  parts),  soluble  in  HCl, 
and  repreeipitated  only,  on  boding,  after  neutralization  with  AmHo. 

Liitliic  Carbonate,  especially  after  having  been  fused,  is  difficultly  soluble 
in  cold  water,  hence  alkaline  carbonates  yield  from  concentrated  solutions  of 
lithium  salts  a crystalline  precipitate  of  Uthic  carbonate,  COLioo  (1  part  of  the 
carbonate  requires  100  parts  of  cold  water  for  its  solution,  but  less  of  boiling 
water.)  It  is  insoluble  in  alcohol. 

Hydrlc  litliic  tartrate  is  soluble. 

Liitliic  silicofliioridc  is  almost  insoluble. 

Separation  of  Lithium. — Fi’om  potassium,  as  well  as  caesium  and  rubidium, 
it  may  be  separated  by  moans  of  PtCl4.  From  sodium,  by  converting  the  two 
alkalies  into  the  chlorides,  evaporating  to  dryness,  and  treating  the  dried  chlo- 
rides in  a stoppered  bottle  with  a mixture  of  ether  and  absolute  alcohol.  In  the 
course  of  a few  days  the  LiCl  will  be  found  dissolved  out,  NaCl  (like  KCl)  being 
insoluble  in  absolute  alcohol  and  ether. 

Itemarlc. — The  student  will  now  have  no  difficulty  in  construct- 
ing a table  for  the  separation  of  these  five  metals. 

Exthaction  op  Lithium  peom  Teiphtllixe. — Dissolve  the  powdered  ore 
in  HCl,  with  a little  NO.jHo  (in  order  to  convert  Fe"  into  Fe‘'"),  neutralize  with 
AmHo,  when  P.202FejO''*,  and  P202Mno"3  are  precipitated.  The  solution,  on  filter- 
ing, may  contain  some  more  phosphoric  acid,  which  may  be  removed  by  adding 
SBa,  and  filtering  oil' the  precipitated  POHoBao.  On  removing  the  excess  of  S13a, 
with  a few  drops  of  SO.iHoj,  and  evaporating  the  filtrate,  and  driving  off  the 
ammonium  salts  by  gentle  ignition,  lithic  chloride  is  left.  The  hydrate  may  be 
prepared  from  this  by  evaporation  with  sulphuric  acid  (so  as  to  obtain  S02Lio2), 
and  addition  of  BaHo2,  and  filtering.  The  excess  of  BailOj  is  next  cautiously 
removed  from  the  filtrate  by  means  of  SO2H02.  On  evaporation,  white  crystal- 
line, strongly  alkaline,  Uthic  hydrate,  LiHo,  is  left. 


REACTIONS  OF  THE  RARE  METALS  OP 
GROUP  IIL 

Group  III  comprises  the  Rare  Metals  Uranium,  Indium  (Thal- 
lium), Glucinum,  Thorium,  Zirconium,  Cerium,  Lanthanum,  Didy- 
MiuM,  Titanium,  Tantalum,  Niobium,  Yttrium,  Erbium,  and  Vana- 
dium. 

As  it  is  extremely  difficult  to  commercially  obtain  the  salts  of 
these  metals  in  a pure  state,  and  as  the  price  charged  for  them  puts 
them  out  of  the  reach  of  most  students,  it  will  be  preferable  to 
sketch  out  briefly  how  the  minerals  themselves  can  be  made  to 
furnish  the  several  salts,  when  once  the  mineralogical  character 
and  locality  of  the  minerals  have  marked  them  out  as  likely  to 
contain  any  rare  metals. 


(A.)  .Sore  metals  precipitated  hy  the  grnup-reagents  AmCl, 
AmHo,  and  SAm2,  in  the  form  of  oxides  (Jujdrates) . 

Besides  the  metals  aluminium  and  chromium,  already  treated  of 
in  the  main  portion  of  the  book,  there  are : — 


1.  GI>UCINlI.y  (Beryllium)  Gl"  (or  Be").  Atomic  w'eight,  9'4. — This  metal 
occurs  only  in  a few  minerals,  and  is  found  very  loeally,  as  a Silicate,  in 
phenacite,  SiGloj  (15  per  cent,  of  GIO),  combined  with  aluminic  siUcato ; in 
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heryl,  SigO(jAl20'''Grlo"3  (13'8  per  cent,  of  G-lO),  and  in  smaragd/ite,  in  euclase, 
and  some  other  rare  metals,  such  as  leucophane. 

The  metal  is  prepared,  like  the  metal  aluminium,  from  the  chloride.  It  is 
white,  and  has  a specific  gravity  of  2T.  It  resembles  aluminium  in  dissolving 
in  HCl,  as  well  as  Kilo,  with  evolution  of  hydrogen.  Its  oxide  forms  a white 
powder,  insoluble  in  water.  It  may  be  prepared  by  fusing  finely-powdered 
native  silicate  with  4 parts  of  its  weight  of  fusion-mixture,  decomposing  the 
mass  wdth  HCl,  and  evapoiating  to  dryness  to  separate  the  Si02.  From  the 
IICI  filtrate  both  the  AI2O3  and  Q-lO  are  precipitated  by  means  of  AmHo.  On 
boiling  the  precipitate,  however,  for  some  time  with  AmCl,  NHs  is  evolved,  and 
glucinum  is  dissolved  out  as  chloride,  GT'Ch.  The  insoluble  AI2H0C  remains 
behind.  Pure  glucina  can  then  be  precipitated  from  the  filtrate  by  means  of 
AmHo,  as  gelatinous  hydiale,  GIH02,  which  on  ignition  yields  the  white  anhy- 
drous glucina,  GIO,  of  specific  gravity  3’08. 

From  the  oxide  the  salts  aro  obtained  by  dissolving  in  the  respective  acids, 
or  by  double  decomposition,  from  ono  of  its  soluble  salts.  Glucina  resembles 
alumina,  inasmuch  as  it  combines  also  both  with  acids  and  bases.  Its  salts  are 
colourless,  and  of  a sweet,  slightly  astringent  taste  ; they  show  an  acid  reaction. 

HEAOTIONS  IN  THE  DHY  WAT. 

Glucinum  compounds  -givo  no  characteristic  reactions  in  the  dry  way. 
N2O.1C00"  yields  a grey  mass. 

IIEACTIONS  IN  THE  WET  WAY. 

Use  A SOLUTION  OE  Glucinio  Sulphate,  SO2GI0". 

The  Kroui»-reaf?ciits  AmHo  and  SAiiio,  as  well  as  the  fixed  caustic  alkalies 
and  alkaline  earthy  bases,  precipitate  pflucliilc  Iiydrsite,  GIH03  (fiocculent), 
soluble,  like  Alotlor,,  in  excess  of  the  fixed  alkalies,  but  not  in  ammonia.  On 
boiling,  aiIIo2  is  almost  completely  repreeipitated  from  a dilute  NaHo  or  KHo 
solution.  (Distinction  euom  AI2O3.)  Like  AloOa,  it  is  reprecipitated  also  on 
the  addition  of  AmCl. 

COAmoo  gives  a while  precipitate  of  glucliilc  carbonate,  COGlo"  freely 
soluble  in  excess,  reprecipitated  as  basic  carbonate  on  boiling.  (Distinc- 
tion prom  AL2O3.) 

CONaoo,  or  COK03,  precipitates  likewise  white  carbonate,  soluble  only  in  large 
excess  of  the  precijjitants. 

CODao"  precipitates  glucinum  completely,  even  in  the  cold. 

Besides  these  characteristic  reactions,  may  be  mentioned  the  difficultly  soluble 
double  wiilyliatc,  sq^Ko®^®"  ^ readily  soluble  glucinic  sul- 

phate forms,  when  brought  together  with  potassic  sulphate. 

Separation  op  AL2O3  prom  GlO.— Dissolve  in  HCl;  pour  slowly,  and  with 
continued  stirring,  into  a warm  concentrated  solution  of  COAm02.  A precipi- 
tate forms,  consisting  of  AL.Hog,  the  solution  containing  the  glucinum  as  double 
carbonate.  Neutralize  with  HCl ; boil  and  add  AmHo.  GIH02  is  precipitated. 


2.  ZlItCONlUM,  ZrK  Atomic  weight,  89'6. — Found  as  Silicate,  chiefly 
in  the  rare  mineral  zircon,  SiZro*''.  The  silicate  is  not  attacked  by  acids,  and 
the  finely  elutriated  substance  must  be  decomposed  by  fusion  at  a high  tempe- 
ratui-e  with  fusion-mixture.  The  mass  is  extracted  with  water,  evaponited  to 
dryness  with  HCl,  in  order  to  remove  SiOj,  and  to  decompose  the  insoluble, 
sandy-looking  disodic  /.Irconatc,  ZrONaoj,  and  is  then  precipitated  with 
ammonia.  The  metal  itself  has  been  obtained  in  white  mctallio  looking  scales, 
of  specific  gravity  4T,  by  the  decomposition  of  the  double  fluoride  of  potassium 
and  zirconium,  2KF,ZrF4,  by  means  of  metallic  aluminium.  The  hydrate  is  a 
voluminous  white  body,  resembling  AIjHog.  It  dries  up  to  yellowish,  trans- 
parent lumps,  ZrIIo4,  which  dissolve  readily  in  acids.  On  ignition,  this  hydrate 
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loses  its  water,  and  iindergoes  a molecular  change,  when  the  dioxide,  or  zmconic 
anhydride,  ZrOo,  is  no  longer  soluble  in  dilute  acids. 

Zirconium  salts,  obtained  by  dissolving  the  hydrate  in  dilute  acids,  are  colour- 
less, and  of  an  astringent  taste. 

REACTIONS  IN  THE  DET  WAT. 

Of  all  the  earthy  oxides,  Zr02  is  the  only  one  which  remains  entirely  unaltered 
when  submitted  to  the  action  of  the  oxyhydrogen  blowpipe,  and  gives  out  the 
most  intense  and  the  most  fixed  light.  Moistened  with  N.2O4C00",  and  intensely 
heated,  the  mass  becomes  of  a flirty  violet  colour.  With  borax,  ZrO.2  yields  a 
colourless  glass  which  becomes  shghtly  opaque  when  cold. 

EEACTIONS  IN  THE  WET  WAT. 

Use  a soEtTTioN  of  Zieconic  Sulphate,  So04Zro*''. 

The  Ki'oup*rcagcnt8,  SAmj  or  AmHo,  produce  a white  jlocculent  precipi- 
tate of  zlrconic  iiyflrate,  ZrHo4,  insoluble  in  excess  ; insoluble  also  in  NaHo 
or  KHo  (Distinction  feom  A1  and  Gl). 

KHo,  or  NaHo,  same  precipitate,  insoluble  in  excess,  not  dissolved  by  a boil- 
ing solution  of  AmCl  (Distinction  feom  Gl) . 

COAmo.i  produces  a lohite  Jloeculent  precipitate  of  a liasic  carbonate, 
readily  soluble  in  excess,  reprecipitated  on  boihng  (Distinction  feom 
Al). 

COKoo  and  CONaOo,  same  precipitate,  redissolves  in  a large  excess  of  COK02, 
especially  of  COHoKo  (Distinction  feom  Al). 

COBao"  gives  no  precipitate  in  the  cold,  aud  jirecipitates  glucinum  salts 
imperfectly,  even  on  boiling. 

Oxalic  aciil  gives  a bulky  precipitate  of  zlrconic  oxalate  (Distinction 
FEOM  Al  AND  Gl),  insoluble  in  excess,  difficultly  soluble  in  HCl,  soluble  in 
excess  of  ammonic  oxalate  (Distinction  feom  Th) . 

HE  produces  no  precipitate  (Distinction  feom  Th  and  Y)  . 

SSONao2  precipitates  zlrconic  hyposulpliifle  (SSO)oZro'''  (Distinction 
FEOM  Y,  Er,  AND  Di) . The  separation  takes  place  on  boiling,  even  in  the 
presence  of  100  parts  of  water  to  one  of  Zr02  (Distinction  feom  Ce  and 
La). 

Zirconic  sulphate,  S204Zro‘^,  forms  with  potassic  sulphate  an  insoluble  flonblc 
sulpliatc  of  Zr  and  K,  insoluble  in  excess  of  SO2K02  (Distinction  feom  Al 
AND  Gl) . When  precipitated  cold,  it  dissolves  readdy  in  a large  proportion  of 
HCl,  but  is  almost  insoluble  in  water,  and  HCl,  when  the  SO2K02  is  added  to  a 
hot  solution  (Distinction  feom  Th  and  Ce). 

Turmeric  paper,  when  dipped  into  a hydrochloric  acid  solution  of  a zirco- 
nium salt,  acquires  a broionish-red  colour  after  drying  in  the  water-bath  (Dis- 
tinction FROM  Th).  But  titanic  acid — the  only  other  metal  which  affects 
turmeric  paper  under  the  same  circumstances — colours  the  paper  brown,  and  its 
presence  may  therefore  prevent  the  zirconium  from  being  recognized.  If  the  Ti02 
be,  however,  first  reduced  by  means  of  zinc  and  HCl,  to  the  state  of  sesqui- 
chloride — the  reduction  being  marked  in  the  solution  by  a change  of  colour  to 
pale  violet  or  blue — it  no  longer  colours  turmeric  paper,  and  any  change  in  the 
colour  of  the  latter  is  then  due  to  zirconium  alone.  The  reaction  requires  great 
care,  however,  as,  on  exposure  of  the  paper  to  air,  the  'Ti'"203,  passing  again  to 
the  state  of  Ti‘''02,  would  in  its  turn  colour  the  turmeric  paper,  and  thus  render 
the  observation  doubtful. 

Certain  chemical  discrepancies  in  the  behaviour  of  the  zirconium  compounds, 
but  more  especially  the  fact  that  tlie  specific  gravity  of  zircons  from  various 
localities  differs  greatly,  also  from  recent  observations  of  spectra,  have  led  chemists 
to  suspect  that  Zr02  really  consists  of  a mixture  of  two  or  more  closely  allied 
oxides,  like  the  metals  of  the  yttrium  and  cerium  group.  No  method  has,  however, 
as  yet  been  devised  for  isolating  any  other  oxide. 
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3.  THORIUM,  Th'^.  Atomic  weight  234. — Pound  in  a few  rare  minerals 
only,  riz.,  in  thorite  {orangite),  consisting  principally  of  a hydrated  silicate 
(3SiThof''.40Il2),  in  monacite  imA.  pgroehlor. 

Thorite  is  decomposed  by  moderately  concentrated  SOoHoo,  and  also  by  con- 
centrated HCl.  The  oxide  or  anhydride,  ThOo,  is  white  when  cold,  yellow  when 
hot.  The  moist  liydrate  dissolves  readily  in  acids  ; the  dried  hydrate  only  with 
difficulty.  Thorium  salts  containing  colourless  acids  are  white. 

EEACTIONS  IN  THE  DRY  WAT. 

ThOo,  when  heated  before  the  blowpipe,  remains  infusible ; it  imparts  no 
tinge  to  the  flame,  and  gives  a colourless  borax  head.  It  yields  no  characteristic 
reaction  with  N0O4C00". 

REACTIONS  IN  THE  WET  WAT. 

Use  a SOLUTION  of  Tiioric  Sulphate,  S204T1io‘'’. 

SAmo,  or  AiuAo  (prroiiii-rcaK'ciits),  precipitates  the  •white  gelatinous 
liyilratc,  ThOHoj,  insoluble  in  excess. 

ICHo,  or  Nallo,  same  precipitate,  insoluble  in  excess  (Distinction  from:  A1 
AND  Gl). 

COAmo2,  COK02,  or  CONao2,  precipitates  white  basic  tliarlc  cariionatc, 
readily  soluble  in  an  excess  of  the  precipitants,  difllcultly  soluble  in  dilute 
solutions  (Distinction  from  A1).  Prom  a solution  in  COAmo2  thoric 
carbonate  is  inpreeipitated,  even  at  50°  C. 

COBao"  ]ireci])itates  thorium  salts  completely  in  the  cold. 

O.valic  aciil  produces  a WtiYe  precipitate  (Distinction  from  A1  and  Gl), 
not  soluble  in  excess  nor  in  dilute  mineral  acids  ; soluble  in  ammonic 
acetate,  containing  free  acetic  acid  (Distinction  from  Y and  Ce). 

IIP  precipitates  gelatinous  tliorlc  tctrafliiorldc,  Th.P.i,  which  becomes 
pulverulent  fdloT  some  time;  the  precipitate  is  insoluble  in  water,  and  in  HP 
(Distinction  from  A1,  Gl,  Zr,  and  TIO2). 

SSONao2  precipitates  llioric  liyiiosiilpliitc,  (SS02Tho*’^,  mixed  with  sul- 
phur, from  neutral  or  acid  solutions.  The  precipitation  is  not  complete  (Dis- 
tinction FROM  Y,  Er,  AND  Di). 

A boiling  concentrated  solution  of  SO2K02  precipitates  slowly,  but  completely, 
the  whole  of  the  thorium  sulphate  as  white  crgstalline  insoluble  potasslo- 
thoric  Niilplisitc  (S0.2)4Ko/i’ho‘''  + 2OII2  (Distinction  from  A1  and  Gl), 
soluble  with  difficulty  in  cold,  and  also  in  hot  watei',  readily  on  the  addition  of 
some  HCl. 

4.  YTTRIUM,  Y".  Atomic  weight,  61'7 ; and  5,  KRRIUM,  Er".  Atomic 
weight,  112'6. — These  very  rare  elements  are  only  found  in  a few  minerals,  in 
i/tterbite,  or  gadolinite,  orthite,  yltrotantalite, , etc.*  The  metals  have  never 
been  obtained  pure.  Yttrium  and  erbium  always  occur  together  in  nature,  and 
closely  resemble  the  metals  of  the  cerite  group.  Tliey  differ  from  most  other 
earths  in  being  completely  soluble  in  acids,  even  after  ignition,  and  from  the 
cerite  oxides,  by  not  forming  an  insoluble  double  sulphate  with  potassic  sul- 
phate. In  other  respects  the  two  exhibit  almost  the  same  behaviour  with 
reagents,  and  can  only  be  approximately  separated  from  each  other.  The  colour 
of  the  yttrium  salts  is  white.  Erbium  salts  have  a more  or  less  bright  rose  tint,, 
crystallize  readily,  and  possess  a sweet  astringent  taste.  Anhydrous  YCL,  is  not 
volatile  (Distinction  from  A1,  Gl,  and  Zr). 

REACTIONS  IN  THE  DRT  WAT. 

No  peculiar  reaction  with  borax,  no  colour  to  the  flame,  and  a srcylsh-bluc 
coloured  mass  with  N2O4C00". 


* A new  metal  has  recently  been  recognized  in  yttrium  minerals,  and  provi 
sionally  termed  Scemdiwm. 
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EEACTIONS  IN  THE  WET  WAT. 

Use  solutions  of  the  Niteates,  N2O4Y0"  and  N204Ero'^,  and  test  them 
side  by  side. 

SAm-2,  or  AmHo  (srowp-rca^iits)  precipitates  the  liy«lrates,  insoluble 
in  excess.  Large  excess  of  SAm^  somewhat  prevents  the  precipitation  of 
yttric  hydrate. 

KHo,  or  NaHo  precipitates  white  liycirates,  YHo^,  or  ErHo.2,  insoluble  in 
excess  (distinction  feom  A1  and  G-1)  . The  precipitation  yttrium 
by  alkaline  hydrates  is  not  prevented  by  the  presence  of  TH0.2  (dis- 
tinction FEOM  Al,  Gl,  Th^ANDZr),  yttrium  being  slowly  but  completely 

precipitated  as  tartrate,  TYo". 

COKO3,  and  CONaoj,  precipitate  white  eartionates , difficultly  soluble  in 
excess,  more  readily  soluble  in  COHoKo,  and  in  COAmo.2  (but  not  so 
readily  as  COGlo").  On  boiling  the  whole  of  the  yttria  is  deposited 
(distinction  of  Y feom  Al,  Gl,  Th,  Ce,  and  Di).  AmCl  decomposes 
COYo",  with  evolution  of  NH3  and  COo,  and  formation  of  YClj.  Satu- 
rated solutions  of  COYo",  in  COAmOo,  have  a tendency  to  deposit  the 

double  carbonate,  cOAmo^°”‘ 

COBao"  produces  with  erbium  salts  no  precipitate,  either  in  the  cold,  or  on 
heating  ; and  yttrium  salts  are  but  imperfectly  precipitated  on  heating 
(distinction  of  Er  AND  Y FEOM  Al,  Gl,  Th,  Co,  La,  Di) . 

Oxalic  Acid  produces  a precipitate  of  white  yttric  oxalate, 

{ (Distinction  of  Y feom  Al  and  Gl),  insoluble  in 

excess,  difficultly  soluble  in  dilute  HCl,  and  partially  dissolved  by  boiUng 
with  ammonic  oxalate.  Erbium  salts  are  likewise  precipitated  as  oxalate, 

{°gEro",OH2,  in  the  form  of  a light  rose-coloured,  heavy  sandy  powder. 

HE  precipitates  white  amorphous  hyflratecl  yttric  fluoride,  insoluble 
in  water  and  HP ; soluble,  before  ignition,  in  mineral  acids  ; decom- 
posed only  by  strong  SOaHoo.  (Distinction  of  Y feom  Al,  Gl,  Zr, 
and  Ti.) 

A cold  saturated  solution  of  SOoYo"  becomes  turbid  between  30° — 40°  C.,  and 
on  boiling,  is  precipitated  almost  entirely. 

SOoEro"  forms  with  SO.2K02,  potassto-erblc  sulphate,  S204Ko.2Ero", 
difficultly  soluble  in  cold  water,  when  hydrated,  but  readily  soluble  in  the 
anhydrous  condition,  and  on  warming. 

Potasslc  yttric  sulphate,  S2O4K0.2Y0",  dissolves  readily  in  water,  and  in 
a solution  of  SO2K02  (distinction  of  Y and  Er  feom  Th,  Zr,  and  the  Metals 
OF  THE  CeEITE  GeOUp). 

Wlien  erbium  nitrate  is  heated  on  a platinum  wire  in  a gas  flame,  it  imparts 
an  intense  greenish  colour  to  the  flame,  which,  when  seen  through  the  spectro- 
scope, shows  bright  lines  in  the  yellow  and  green,  also  in  the  orange  and  in  the 
blue  in  an  otherwise  continuous  spectrum.  These  bright  lines  coincide  with 
certain  black,  so-called  absorption-bands,  which  erbium  gives  when  white  light 
is  passed  through  a concentrated  solution  of  its  salts.  These  absorption  bands 
are  characteristic  for  erbium,  as  yttrium  solutions  show  none  under  like  circum- 
stances. 

Sepaeation  of  Y feo.m  Er. — The  different  solubility  of  the  nitrates  of 
erbium  and  yttrium  in  water  has  been  made  available  for  the  separation  of  these 
two  closely  allied  metals.  On  heating  a mixture  of  their  nitrates  to  incipient 
decomposition,  and  dissolving  the  residue  in  boiling  water,  the  solution  deposits 
on  cooling  rose-red  crystals  of  basic  erbic  nitrate,  N20;i(Er02)"Ero",  whilst  the 
mother-liquor  contains  chiefly  yttric  nitrate.  By  repeating  the  same  process  of 
separation  several  times  over,  the  earths  may  be  obtained  pui'e  by  finally  igniting 
the  nitrates. 
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6.  CERIUM,  Ce"  and  Atomic  weight,  92.  7.  UANTHANUM,  La". 
Atomic  weight,  92'8.  8.  MIDYMIUM,  Di".  Atomic  weight,  96.  These  three 
rare  metals  constitute,  like  yttrium  and  erbium,  a group  vphich  may  conveniently 
be  studied  together.  The  most  abundant  of  the  few  cerium  minerals  is  cerite,  a 
hydrated  silicate  of  the  tlu’ee  metals,  Ce,  La,  and  Di,  as  well  as  of  iron  and 
calcium,  Si[Ceo"Lao"Dio"Feo"Cao"]2.  The  finely-powdered  mineral  is  readily 
and  completely  decomposed  by  boiling  with  concentrated  HCl,  or  aqua  regia ; or 
by  fusion  with  fusiou-mixtm'e  : or  lastly,  by  boiling  with  concentrated  SO2H02. 

CERIU.M. — This  metal  exists  both  in  the  dyad,  pseudo-triad,  and  tetrad 
condition.  Thus  it  forms  the  several  oxides  : — 


Cerous  and  ceric  oxide  are  both  capable  of  combining  with  acids  to  form  two 
series  of  salts,  of  which  the  cerous  arc  the  more  stable  and  most  important.  They 
are  colourless,  or  slightly  amethyst-red  and  acid  to  litmus.  Cerous  chloride  is 
not  volatile  (Distinction  trom  A1,  Q-1,  and  Zr).  Cerous  sulphate  is  not  entirely 
soluble  in  boiling  water. 


All  cerium  compounds  give  with  borax,  or  raicrocosmic  salt,  in  the  outer 
flame,  a clear  bead  which  is  dark  red  wliile  hot  (Distinction  prom  the  pre- 
ceding earths),  fainter  or  nearly  colourless  on  cooling.  In  the  inner  flame,  a 
colourless  bead,  or  if  ceric  oxide  is  present,  a yellow  opaque  bead  is  obtained. 
Lanthanum  coni]-)ounds  give  colourless  beads,  and  didyinium  compounds  give 
witli  borax  colourless,  or,  if  in  large  quantity,  ]mle  rose-coloured  beads,  in  both 
flames,  and  witli  microcosmic  salt,  in  the  reducing  flame,  an  amethyst-red  bead, 
inclining  to  violet. 

reactions  in  the  wet  WAT. 

A.  CER«U.<>(  COMI'OUNIIS.— A solution  of  Cerous  Chloride,  Ce"Cl2, 
may  bo  used. 

SAiUo  (i?i’onii-rcaffcnt)  throws  down  the  white  cevous  hydrate,  CeIIo2, 
insoluble  in  excess.  _ 

Amllo  precipitates  a hasic  ssilt,  insoluble  in  excess  : the  presence  of  THoo 
prevents  the  precipitation  of  Amllo  (Distinction  prom  Y),  but  not  by 
KHo. 

Kilo,  or  NalTo,  precipitates  white  cerous  hydrate,  insoluble  in  excess, 
which  turns  yellow  on  exposure  to  the  air,  or  when  acted  upon  by  oxidizing 
agents,  such  as  chlorine  water,  sodic  hypochlorite,  etc.,  being  converted 
into  the  ,yeZZow  hydrated  ceroso-eeric  oxide,  06304, 30H2  (Distinction 
FROM  A1  and  Q-1) . 

COK02,  CONao2,  or  COAmo.,,  produces  a w/wZe  precipitate  of  cerous  car- 
hoiiatc,  COCeo",  sparingly  soluble  in  excess  of  tlie  fixed  carbonates, 
somewhat  more  soluble  in  COAmo.j  ; insoluble  in  water  and  COj  ; decom- 
posed by  dilute  acids. 

COBao"  precipitates  cerium  salts  slowly,  but  completely  on  standing. 

Oxalic  Acid,  or  Amnionic  oxalate,  precipitates  cerium  coinpounds  com- 
pletely, even  from  moderately  acid  solutions,  as  a curdy  white  precipitate  (turn- 
ing slowly  crystalline)  of  cerous  oxalate,  qqCco",  insoluble  in  excess  of 

the  precipitants  (distinction  from  Zr),  but  soluble  in  a large  excess  of  HCl. 
On  ignition  cerous  oxalate  leaves  yellowish-white  ceroso-eeric  oxide,  06304  (Dis- 
tinction FROM  A1  AND  Q-1,  which  form  soluble  oxalates). 

A saturated  solution  of  potassic  sulphate  produces  a white  crystalline  prcci- 


Ce"0 

Cerous  oxide. 


'C6'"203  Ce''^02  and  06304  = 060,06203. 

Ceric  oxide  Ceric  Ceroso-ceric  oxide,  or 

(sesquioxide.)  dioxide.  triceric  tetroxide. 


reactions  in  the  dry  way. 
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pilate  of  potasslo-ccrou^-sulpliatc,  S^O^RooCeo",  even  from  somewhat  acid 
solutions  (Distinctiox  fkom  A1  and  G1)  ; difficultly  soluble  in  cold  water, 
readily  soluble  on  heating;  quite  insoluble  in  a saturated  solution  of  SO2K02 
(Distinction  from:  Y and  Er) ; soluble  in  much  dilute  HCl.  ^\ith  dilute  solu- 
tions the  precipitate  takes  some  time  to  form. 

This  characteristic  precipitate,  as  well  as  the  easily  distinguishable  oxalate, 
and  the  yellow  precipitate  of  ceroso -ceric  oxide — free  from  La  and  Di,  precipitable 
in  the  filtrate  its  oxalates — which  oxidizing  agents  produce,  serve  to  distinguish 
cerium  from  all  other  metals. 

Separation  of  Ce  frou  La  and  Di. — A convenient  method  of  oxidizing  and 
separating  cerous  salts  consists,  according  to  Q-ihha,  in  treating  with  PbOj  and 
dilute  NO2H0  (analogous  to  the  oxidation  of  manganous  to  a higher  oxide),  when 
the  solution  turns  yellow,  even  if  only  small  quantities  of  cerium  be  present.  By 
evaporating  the  yellowish  solution  to  dryness  and  heating  sufficiently  to  drive  oif 
part  of  the  NO2H0,  so  as  to  form  a basic  ceric  nitrate,  insoluble  in  water  or  dilute 
NOjHo,  lanthanum  and  didymium  can  be  dissolved  out  as  nitrates.  After  re- 
moving the  plumbic  nitrate  from  the  solution  by  SH.,,  the  La  and  Di  are  preci- 
pitated as  oxalates.  The  residuary  basic  ceric  nitrate  is  dissolved  in  fuming 
NOoHo,  any  lead  removed  by  SH2,  and  the  cerium  precipitated  as  oxalate. 


B.  CERIC  COMI’OIJXMS. — Salts  of  'Ce"'203,  such  as  the  sulphate,  oxa- 
late, etc.,  are  yellow,  and  are  either  difficultly  soluble,  or  insoluble,  in  water. 
Dyad  cerium  appears,  in  fact,  to  give  rise  to  more  stable  compounds  : thus  06203, 
wlien  heated  with  IICl  does  not  form  Ce2Cl3,  but  yields  2CeCl2  -t  CI2. 

Oxidizing  agents,  such  as  Cl,  passed  into  a solution  of  KHo,  containing  CeHoo 
in  suspension,  sodic  hypochlorite,  Pb02  and  NOoHo,  Hg:0  and  potassic  perman- 
ganate, convert  cerous  into  ceric  compounds,  and  furnisli  methods  for  the  separa- 
tion of  Ce  from  La  and  Di.  Reducing  agents  produce  the  reverse  chemical 
action.  Cerium  resembles  in  this  respect  iron  rather  than  aluminium. 

I.A>'TII ANirU. — This  metal  forms  only  proto-salts,  which  are  colourless, 
when  free  from  didymium  salts,  and  possess  a sweet  astringent  taste.  Lanthanic 
oxide  is  white,  and  is  not  altered,  even  by  strong  ignition  (Distinction  from  Ce), 
being  still  readily  soluble  in  acids.  Both  the  oxide  and  tlie  hydrate  turn  red 
litmus  paper  blue.  It  decomposes  ammonium  salts,  in  solution,  on  boiling,  with 
evolution  of  NII3.  Lanthanum  resembles  in  this  respect  magnesium.  A solution, 
saturated  in  the  cold,  of  lanthanic  sulphate  deposits  a portion  of  the  salt  already 
at  30°  C.  (Distinction  frou  Ce").  In  its  reactions  lanthanum  closely  resembles 
cerium. 

REACTIONS  IN  THE  WET  WAT. 

Use  A SOLUTION  OF  Lanthanic  Chloride,  La"Cl2. 

SAmo,  or  AmHo,  precipitates  basic  salts,  which  pass  milky  through  the  filter 
on  washing. 

KHo,  or  NaHo,  precipitates  lanthanic  Iiytlratc,  LaHo2,  insoluble  in  excess, 
unalterable  in  the  air,  or  in  the  presence  of  oxidizing  agents  (Distinction 
FROM  Ce). 

COAmo2  gives  a precipitate  which  is  insoluble  in  an  excess  of  the  precipitant 
(Distinction  from  Ce). 

COK02,  or  CONao2,  COBao",  oxalic  aciil,  or  potassic  sulphate,  give  the 
same  precipitates  as  with  cerium  salts. 

When  the  slimy  precipitate  which  a cold  dilute  solution  of  lanthanic  acetate 
yields,  on  supersaturation  with  AmHo,  is  washed  repeatedly  with  cold  water, 
and  a few  small  crystals  of  iodine  added  to  it,  a hlun  coloration  is  produced 
which  gradually  pervades  the  entire  mixture  (character  is  lie  for  La  compounds 
only). 
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IKinVMIUW, — This  metal  forms  likewise  only  proto-salts,  coloured  a pure 
pink,  like  the  sulphate,  or  rose-red  ; sometimes  a faint  violet,  like  the  nitrate. 
The  oxide  is  pure  wliite  and  remains  soluble  in  acids  when  strongly  ignited.  (The 
existence  of  a peroxide  Di>'’0.2  is  doubtful.)  In  contact  with  water  it  is  slowly 
converted  into  the  hydrate,  without  acquiring  an  alkaline  reaction.  It  rapidly 
attracts  CO2,  and  is  readily  dissolved  hy  the  weakest  acids.  It  expels  ammonia 
from  ammonium  salts  when  boiled  with  them.  The  chloride,  DiOU,  is  not  vola- 
tile. The  nitrate,  on  heating,  is  converted  into  a basic  salt,  N’oO(DiOo)", Dio" 
+ 5Aq.  (Distinction  fiioji  La),  which  is  grey  when  hot  and  also  when  cold 
(Distinction  prom  Er).  A satui’ated  solution  of  didymic  sulphate  begins  to 
deposit  red  crystals  of  the  salt  at  53°  0.,  until  at  100°  C.  one  part  of  the  salt  only 
is  held  in  solution  by  50  parts  of  water  (Method  of  separation  of  La  from 
Di).  Didymium  salts  resemble  in  their  chemical  deportment  lanthanum  and 
cerium  salts. 


reactions  in  the  wet  way.  ^ 


Employ  a solution  op  the  Chloride,  Di"Cl2,  or  Sulphate,  SOiDio". 


SAm.2,  or  Amllo  (ffroup-rcascnts),  precipitates  salt,  insoluble  in 

Amllo,  but  slightly  soluble  in  AmCl,  with  displacement  of  NII3. 

Kilo,  or  Nallo,  precipitates  c/elatinous  ilidyiiiic  liyilraic,  DiHo2,  resembling 
Al^lIOg,  but  of  a pale-rose  colour.  It  is  insoluble  in  excess,  and  does  not 
alter  in  the  air. 

COK02,  CONao2,or  COAmo2,  produces  a copious  precipitate  of  dHlyinic  car- 
Itoiiate,  CODio",  insoluble  in  excess  of  the  pvecipitants  (Distinction 
FROM  Ce),  but  slightly  soluble  in  a concentrated  solution  of  AmCl. 

COUao"  jirecipitates  didymium  compounds  slowly  (more  slowly  than  Ce  or 
La),  and  never  completely. 


Oxalic  acid  precipitates  didymium  salts 


CO 

CO 


Dio" -I-  4il 


almost  com- 


pletely, amiuoiilc  oxalate  completely.  The  precipitate  is  dilllcultly  soluble 
in  cold  IICI,  but  dissolves  on  heating. 

A concentrated  solution  of  SO0K02,  or  better  still,  S02Na02,  precipitates  didy- 
mium solutions  more  slowly  and  less  completely  than  ccrous  solutions,  as  a rose- 
white  pota.sKlo-dhlyiulc  siilgiliatc,  S.O^KojDio"  -t-  Aq,  slightly  soluble  in 
water,  less  soluble  in  an  excess  of  the  reagent,  difficultly  soluble  in  hot  IICI. 

When  a ray  of  white  light  is  sent  through  a didymium  solution,  and  examined 
hy  the  spectroscope,  dark  bands  are  seen  in  the  continuous  spectrum.  Dilute 
solutions  show  these  absorption  bands  in  the  yellow  and  green,  concentrated  solu- 
tions exhibit,  in  addition,  several  other  well  defined  narrower  bands  in  various 


other  parts  of  the  spectrum. 


Hemarks. — In  order  to  master  still  more  completely  the  reactions  for  the 
8 carthv  metals  already  treated  of,  the  student  should  tabulate  fhem  according 
to  the  scheme  given  on  page  50,  when  the  slight  differences  which  exist  between 
many  of  their  reactions,  and  which  often  furnish  the  only  means  for  their  separa- 
tion, are  brought  out  still  more  prominently. 


9.  TITAN  III M,  Ti"  and  Atomic  weight,  60. — This,  as  well  as  the  two  next 

following  metals  (usually  treated  of  in  Group  III,  because  they  are  precipitated 
by  the  group  reagents,  AmCl,  Amllo,  and  SAm2),  differ  entirely  from  the  pre- 
viously treated  metals.  Their  anhydrides,  Ti*v02,  Ta''20s,  and  Nb'-jOg,  are 
essentially  acids,  analogous  to  Si02,  S11O2,  SbsOs,  etc.,  and  are  found  in  nature 
either  in  the  uncombined  state  (Ti02),  or  combined  with  various  metallic  bases, 
as  Titanates,  Tantalates,  and  Niobates. 

Titanium  is  found  as  Anhydride  (almost  pure)  in  the  minerals  Rutile, 
Anatase  and  Broolcite  ; combined  with  bases,  chiefly  lime,  in  Titanite,  TiOCao", 
in  titaniferous  iron,  n(I'e203),  m(TiORo"),  and  is  found  in  small  quantities  in 
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many  iron  ores,  in  fire-clays,  and  generally  in  Silicates-.  (Hence  its  occurrence  in 
blast-furnace  slags,  as  Nitride,  TiCy2,3T4N.2,  in  bright  copper- coloured  cubes.) 

Titanium  forms  several  oxides,  of  which  two  are  known  with  certainty',  an  1 
one  whose  existence  is  probable,  viz. : — 

Ti"0  'Ti"'203,  Ti'^Oj 

Titanous  oxide-  Titanic  oxide  Titanic  anhydride, 

(probable) . (scsquioxide) . 

The  last  oxide,  acting  as  a weak  base,  and  forming  mostly  very  unstable  salts, 
and  likewise  as  an  acid,  is  the  only  one  which  is  of  sufficient  importance  to  be 
studied  analytically. 

In  order  to  prepare  some  pure  titanic  anhydride,  finely-powdered  rutile 
i.s  fused  with  3 parts  of  COKoj,  the  fused  mass  powdered  and  treated  with  cold 
water,  which  removes  Si02  and  alkaline  silicates,  and  leaves  insoluble  potassif 
til aiiatc,  TiOKo2,  together  w'ith  ferric  oxide.  This  is  washed  by  decantation 
or  on  a filter,  with  cold  water,  and  dissolved  in  cold  dilute  HCl.  On  diluting 
considerahli!  with  water  and  heating  to  boiling,  for  some  time,  the  whole  of  the 
titanium  is  precipitated  as  ineta-titauic  liyilrate  Ti'^OHoo  (Fe  being  held 
in  solution  by  the  acid),  •which  differs  from  (ortho)  titanic  acid  in  being  quite 
insoluble  in  all  acids,  except  sHong  sulphuric  acid,  whilst  titanic  hydrate  (ob- 
tained by  precipitation  with  alkalies) , of  exactly  the  same  composition,  is  readily 
soluble  even  in  dilute  SO2H02,  or  HCl.  The  precipitated  meta-titanic  acid  is 
itsually  tinged  yellow,  owdng  to  some  ferric  oxide  which  is  carried  down  with  it. 
It  is  best,  therefore,  to  filter  off,  to  wash  -with  a solution  of  AmCl,  and  redissolve 
the  precipitate  in  strong  SO.iHo.^.  After  dilution  with  water,  it  is  reprecipi- 
tated once  more  by  long-continued  boiling,  and  is  then  all  but  free  from  iron. 
(Method  of  sepaeation  feoji  A1,  G-1,  Y,  and  Th.)  A more  expeditious  method 
for  separating  the  h-on  oxide  consists  in  precipitating  the  two  metals  from  the 
dilute  acid  solution  by  means  of  ammonic  sulphide,  as  FeS  and  TiOHoo,  and  to 
treat  the  precipitate  with  aqueous  sulphurous  acid,  which  dissolves  the  FeS,  and 
leaves  pure  ortho-titanic  acid. 

Another  method  consists  in  fusing  the  titanium  compound  with  6 times  its 
weight  of  SOoHoKo,  till  it  yields  a clear  mass,  soluble  in  a large  quantity  of 
cold  water,  acidulated  with  dilute  SO2H02,  from  which  meta-titanic  acid  is  pre- 
cipitated ns  above.  SiOj,  if  present,  is  not  attacked  by  SOoHoEo,  and  remains 
in  the  insoluble  residue. 

Pure  Ti02  may  also  be  obtained  by  fusion  -with  acid  potassic  fluoride,  and 
dissolving  the  fused  mass  in  dilute  HCl.  Potassic  titanic  fluoriilc,  2KF,T1F4, 
which  is  difficultly  soluble  in  water  (1  part  requu-es  96  parts  at  14°  C.),  is  col- 
lected on  a filter  and  washed  with  cold  water,  and  purified  by  recrystallization 
from  boiling  water.  Its  aqueous  solution,  when  precipitated  with  AmHo,  yields 
titanic  hytfrate,  -ndiich  on  ignition  is  converted  with  incandescence  into  pure 
titanic  anhydride — white,  when  only  feebly  ignited,  yellowish  or  brownish, 
when  intensely  ignited. 

Si02,  Of  silicates,  containing  traces  of  TiO;,  may  be  decomposed  -with  HF. 
SOjHoo  must  likewise  be  added  in  order  to  prevent  a portion  of  the 
titanium  from  being  volatilized  with  the  S1F4. 

EE  ACTIONS  IN  THE  DEY  'WAT. 

Titanium  compounds,  when  heated  on  charcoal,  before  the  blowpipe,  are  not 
reduced  to  the  metallic  state  (Distinction  feom  In).  Heated  in  a borax  bead 
(on  charcoal),  or  better  still,  in  a bead  of  microcosmic  salt,  pure  TiO.2,  e 
titanate,  containing  bases  which  do  not  themselves  colour  the  borax  bead,  yields 
in  the  outer  flame,  a colourless  glass,  but  in  the  inner  flame,  a glass  which  is 
yellow  while  hot,  but  assumes  a violet  colour  on  cooling.  The  reduction  is 
promoted  by  the  addition  of  a little  zinc  or  tin.  If  some  SOoFeo"  be  added, 
(he  bead  obtained  in  the  inner  flame  becomes  hlooiNrccl. 
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EEACTIONS  IN  THE  WET  WAT. 

Use  a solution  oe  Titanic  acid  in  HCl. 

SAnio,  AmHo,  KHo,  or  NaHo,  alkaline  carbonates,  as  well  as  COBao",  iwo- 
duce  a huUcy  white  precipitate  of  (ortlio.)  titanic  liyrtratc,  Ti'''OHo;, 
which  is  insoluble  in  an  excess  of  the  precipitants.  When  thrown  down 
in  the  cold,  and  waslied  with  cold  water,  it  is  readily  soluble  in  dilute 
HCl,  or  in  dilute  SOaETo^.  Washing  with  hot  water  converts  it  into 
■insoluble  iiicta-titaiiic  hydrate.  The  presence  of  THoa  prevents  tlie 
precipitation.  (Iron,  as  well  as  _Ni,  Co,  Zn,  and  U,  which  are  precipi- 
tated by  S.-Vino  in  the  presence  ofTHoa  and  AmHo  (the  metal  Mn  is  not), 
may  tlius  he  separated  from  TiOo.) 

Tv.iFcCyr,  produces  a dark-brown  precipitate. 

1 iif'iiMitiii  »f  ;talls,  brownish  precipitate,  which  speedily  turns  orange- 
red. 

POHoNaOa  throws  down  the  titanic  acid  almost  completely  from  an  acid 
solution  as  a white  gelatinous  ghosphate,  which  wlien  washed  and  dried 
leaves  a liasic  .salt,  2TiOa,  I’aOs,  or  PaO(Ti04'’*)Tio‘''. 

Metallic  tin,  or  zinc,  immersed  in  a HCl  solution  of  TiOa,  evolves  hydrogen 
and  reduces  the  Ti*'’Oo  to  'Tl'"o03,  which  gives  rise  to  a pale  violet  or  blue 
coloration,  and  finally  l.hrows  down  a dark  violet  precipitate,  which  is  rapidly 
rcoxidized  to  white  TiOo,  with  decomposition  of  the  water,  or  when  exposed  to 
t.ho  air.  This  reaction  frequently  reveals  the  presence  of  TiO.j,  in  the  analysis  of 
iron  ores,  during  the  process  of  reduction  with  zinc,  previous  to  the  estimation  of 
iron  by  qjotassic  permanganate. 


10.  TANTAMr.1I,  Ta".  Atomic  weight,  182.  11.  NIOlUUill,  Nb^.  Atomic 
weight,  94. — This  group  of  metals  occurs  only  in  a few  minerals,  found,  as  yet,  in 
a few  localities,  and,  then,  only  in  small  quantities.  The  difllculty  of  detecting 
mere  traces  of  them  may  account  for  their  having  been  overlooked  in  others  in 
which  they  have  since  been  found,  viz.,  in  tinstone  and  wolfram. 

In  some  of  tlio  minerals,  either  tantalum  or  niobium  prevails,  such  as  in 
tantalite  and  in  niobile  {columbile) . They  are  meta-  compounds,  and  may 
be  expressed  by  the  general  formula: — m(TaOo)2Foo"  -1-  n(NbOo)2Feo''.  In 
yttrotantalite — the  ORTiio-compound — of  the  foi'mula  : — Tao02(N’b202)Ko"3,  E." 
stands  for  Y"  [Er",  Co",  U",  Fe",  Ca"]  and  in  euxenite,  woehlerite,  and  pyro- 
ehlor,  the  metal  niobium  occurs  as  a PYRO-niobato,  combined  with  fluorides,  viz., 

(3Nb203llo"2),  5(NaK)F. 

Tantalum  and  niobium  exist  chiefly  in  the  pentad  condition,  as  is  evidenced 
by  the  com25osition  of  their  oxides  (anhydrides),  chlorides,  fluorides,  etc.,  etc., 
viz.  ; — 

Tantalic  anhydride,  Ta''.20s.  Chloride,  Ta'Clj.  Fluoride,  Ta'^Fj., 
Niobic  „ Nb''206.  ,,  Nb''Cl5.  „ Nb'^Fs. 

A lower  oxide,  'Ta‘''204i  and  suliihide,  'Ta''‘2S4,  are  said  to  exist.  In  tantalates, 
and  niobates,  the  acids  closely  resemble  arsenic,  or  phosphoric  acid  ; they  can 
exist  as  meta- Ta''(Nb'')02Ho,  pyro-  Ta''2(Nb''2)03Ho4,  or  ortho-  Ta(Nbv)OHo3 
tantalic  (niobic)  acid. 

TANTAMC  and  NIOBIC  ANIIYOmiMES  are  iircpared  from  tanta- 
litos,  or  niobites,  by  fusing  the  finely-powdered  mineral  with  3 i)arts  of  SOjHoKo. 
The' fused  mass  is  extracted  with  water,  whereby  the  bases  are  i4rincii>ally 
removed  as  sulphates.  The  residuary  TajOj,  and  NbiOj,  arc  washed  and  fused 
once  more  with  hydric  potassic  sulphate,  etc.  The  residue  after  having  been 
well  washed  is  dissolved  in  HP,  and  a boiling  solution,  of  11F,KF  gradually 
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added  to  it.  The  liquid,  on  cooling,  or  on  concentration,  yields  difficultly  soluble 
imtasslc  fluo-tantalate,  2KF,TaF5  (soluble  in  about  150 — 200  parts  of  water 
only),  whilst  the  mother- liquors  contain  potassic  fluo-oxyiiiobate,  2KF, 
NbOFj,  OHj  wliich  is  soluble  in  12'4  to  13  parts  of  water  {Distinction  also  from 
titanium  lohich  forms  2KF,  TiF^,  soluble  in  96  parts  of  water) . These  two  salts 
may  be  purified  by  rocrystaUization  ; and  on  decomposing  them,  by  heating  with 
SO.,Ho.,,  tantalic  and  niobio  sulphates,  and  potassio  sulphate,  are  left  ; this  latter 
can  be  boiled  out  with  water.  When  SOoHoj  is  expelled  from  the  insoluble 
tantalic,  or  niobic  sulphate,  by  strong  ignition,  or  by  heating  in  an  atmosphere  of 
ammonic  carbonate,  Ta^O^,  or  Nb^Os,  is  left. 


TANTAI.U.W, — The  anhydride  is  a white  powder.  When  strongly  ignited 
it  turns  a pale  yellow,  without  emitting  any  light,  and  becomes  insoluble  in  IICI, 
or  sirong  SO.^Ho.i.  (Distinction  fkom  TiO.2.) 

Fused  with  KHo,  it  is  rendered  soluble  in  water  ; fused  with  NaHo,  it 
forms  chiefly  .sojlic  mcta-tautalatc,  TaO^Nao,  insoluble  in  excess  of  NaHo, 
but  soluble  in  water.  When  a solution  of  soda  is  added  to  this  solution,  sodic 
tantalate  is  precipitated.  Hydrated  tantalic  acid  dissolves  in  HF,  from  a con- 
centrated solution  of  which  KF  precipitates  the  fine,  needle-shaped,  poia.ssic 
fliio-tantalatc.  By  prolonged  boiling  with  water,  this  soluble  salt  changes  to 
an  insoluble  compound,  Ta205,2KF,TaF5,  the  formation  of  which  affords  the 
means  of  detecting  the  smallest  quantity  of  fluo-tantalate  in  mother-liquors,  con- 
taining potassic  fluo-oxyniobate. 

EEACTIONS  IN  THE  DET  WAT. 

Microeosmic  salt  dissolves  Ta^O^  to  a colourless  bead  in  both  flames,  and  does 
not  acquire  a blood-red  tint  by  the  addition  of  ferrous  sulphate  (Distinction 
Fuoii  TiOj). 

EEACTIONS  IN  THE  WET  WAT. 

Use  A SOLUTION  of  TaOoKo  in  water. 

The  tantalates  of  the  alkali  metals  are  soluble  in  water,  all  others  (formed  by 
double  decomposition)  are  insoluble  in  water  and  decomposed  by  acids. 

HCl  precipitates  Ta20j,  at  first,  then  redissolves  it  in  excess. 

COa  passed  through  a solution  of  an  alkahne  tantalate,  precipitates  acid,  or 

aiiliydro-tautalatc. 

AmHo,  or  SAin^,  precipitates_from  a HCl  solution  tantalic  hydrate,  or  an 
acid  ammonic  tantalate  ; TH03  prevents  the  precipitation. 

AmCl,  or  SOjAmoj,  precipitates  tantalic  hydrate,  Ta02Ho. 

K^heCyg  gives  from  acidified  solutions,  a yellowish-white  precipitate  which 
turns  brown  by  the  addition  of  a few  drops  of  AmHo,  and  is  soluble  in 
larger  quantities. 

KgFe.2Cyi2,  a yellow  precipitate. 

Infusion  of  ;?alls,  added  to  an  acidified  (SOoHo..  or  HCl)  solution  of  an 
alkaline  tantalate,  forms  a light-yellow  precipitate,  soluble  in  alkalies. 

Metallic  zinc  and  HCl  do  not  reduce  Ta.jOj,  and  no  blue  coloration  (or  onlj’ 
a very  faint  one)  is  observed  (Distinction  FJioai  NboOj). 


N lO III  II M.— Niobic  anhydride,  NboOs,  white,  but  turns  transiently 
yellow  when  ignited.  By  strong  ignition  in  hydrogen  it  is  converted  into 
Nb'''20j.  Like  tantalic  anhydride,  it  combines  both  with  bases  and  acids.  Con- 
centrated sulphuric  acid  dissolves  niobic  anhydride,  unless  it  has  been  too 
strongly  ignited,  and  the  solution  remains  clear,  on  the  addition  of  much  water 
(Distinction  peom  Ta.,05). 

On  fusing  with  caustic  potash,  a clear  mass  consisting  chiefly  of  potassic 
metaniobate,  Nb02Ko,  is  obtained,  which  is  readily  soluble  in  water,  but  is  pre- 
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eipitated  as  sodic  salt,  on  the  addition  of  NaHo.  Sodic  meta-niobate,  obtained 
by  fusion  with  caustic  soda,  behaTcs  like  the  corresponding  meta-tantalate. 

BEACTIONS  IN  THE  DBT  WAT. 

hlierocosmic  salt  dissolres  readily  ; in  the  outer  flame  a bead,  colour- 

less whdst  hot,  is  obtained  ; in  the  inner  flame  the  bend  acquires  a violet, 
blue,  or  brown  colour,  according  to  the  quantity  of  the  acid  present,  and  a red 
colour,  when  a little  ferrous  sulphate  is  dissolved  in  it. 

REACTIONS  IN  THE  WET  WAT. 

Use  an  aqheohs  solution  of  Potassic  Niobate. 

Tlic  niobntos  of  the  alkalies  are  insoluble  in  water,  all  Others  are  insoluble, 
and  are  decomjiosed  by  acids. 

iniiicrni  sieicls,  especially  .Siilplmrlc  aciil,  even  at  tlie  ordinaiy  tempera- 
ture, .precipitate  niobic  Iiydrsitc,  nearly  insoluble  in  the  acid.  {The 
precipitation  of  lantalic  hydrate  reqniren  the  aid  of  heat.) 

Oxiillc  siclii  does  not  affect  alkaline  niobates. 

S.iiiio,  or  Amllo,  precipitates  from  acidified  solutions  of  NboOj  the  hydrate, 
containing  ammonia,  soluble  in  hydrofluoric  acid. 

.AmCl  precipitates  the  a(dd,  but  only  slowly  and  incompletely,  more  especially 
if  in  the  presence  of  alkaline  carbonates. 

KjFcCyn  gives,  with  a solution  of  an  alkaline  niobate  which  has  been  acidu- 
lated with  sulphuric  or  hydrochloric  acid,  a red  precipitate. 

KnPcjCyj.j,  a brigh  t yellow  precipitate. 

Infusion  of  (■(ills,  an  oranye-red  pvocipitato. 

A piece  of  zinc  immersed  in  an  acidulated  solution,  forms  a heatdiftd  blue 
])rccipitatc,  which  after  a time  changes  to  brown.  {Tanialates  yield  none  or  only 
XV  faint  blue  colour.) 

(B.)  Hare  Metals,  precipitated  hy  the  Grmtp-reaqent,  AmCl,  AmHo 
and  S.4'm2  in  the  form  of  tiulphides. 

1.  I'llANIIJM,  U''  and  pseudo-triad.  Atomic  weight,  120  []240  (?)]. — 
Uranium  is  not  a very  abundant  metal  j it  is  found  principally  in 
which  contains  from  40  to  90  per  eent.  of  nranoso-uranic  oxide,  XT3O4 ; in 
uranium-ochre,  or  sulphate  ; and  in  uranite  or  uranium  mica,  which  is  a calcic 
(cupric)  uranic  phosphate.  In  small  quantities  it  exists  in  several  rare  minerals, 
such  as  euxenite,  yttrotantalito,  &c. 

Uranium  salts  are  almost  always  obtained  from  pitch-blende.  The  UjOj 
therein,  is  associated  with  sulphur,  arsenic,  lead,  iron,  and  several  other  metals. 
'The  mineral  is  finely  powdered,  freed  by  elutriatiou  from  the  ligliter  earthy  im- 
]Hirities,  roasted  for  a short  time  to  remove  j>art  of  the  sulphur  and  arsenic,  then 
dissolved  in  <nitric  acid,  and  the  solution  evaporated  to  dryness.  'The  residue  is 
exhausted  with  water,  and  the  solution  filtered  from  a brick-red  residue  of  ferric 
oxide,  ferric  arsenate  and  plumbic  sulphate.  On  evaporation,  the  aqueous  solu- 
tion yields  crystals  of  the  nitrate,  wliich  by  dissolving  in  ether  and  setting  aside  for 
spontaneous  evaporation,  are  obtained  pure.  When  recrystallized  once  more  from 
boiling  water,  they  consist  of  pure  uranyllc  nitrate,  N204(Uo02)o",60H3 ; 
in  w'hich  ('II"202)"  or  uranyl  acts  as  a compound  dyad  radical  analogous  to  the 
monad  compound  radicals  antimonyl,  (Sb'"(3),  bismutbyl  (Bi"'0)',  &c. 

Uranium  exists  as  a dyad  and  pseudo-triad  metal.  It  forms  with  oxygen 
two  salifiable  oxides,  together  with  two  intermediate  oxides,  thus — 

Uranic  oxide  or 

uranylic  oxide.  Intermediate  oxides. 

A ■ - - - >•  ■ ^ 

'■DT'"o03,  or  U3O4,  or  XT4O5,  or 

(U2b2/'0  'TI'"203,TJ"0  (dark  green).  'U'"203,2XX"0  (black). 


Urauous 

oxide. 


U"0 
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Li’anous  chloride. 
TJClo 


Uranylic  chloride. 

(tr,0,)"Cl2 


Pentnchloride. 

V,Ck- 


Uninous  aulphate. 
SO.p.U,  or  SO.Uo" 


Uranyhc  sulphate. 
S0,02(U20.)",  or  SO.,(UA)o" 


Uranic  oxide  and  its  hydrate  combine  both  with  acids  to  form  uranylic  salts, 
and  with  tlie  oxides  of  thti  more  electro-positive  metals  to  form  acid  uranates,  of 
r (U202)"Ro 

the  general  formula,  ■<  O xOH.,,  analogous  to  dichromates,  disulphates, 

[ (Tr20o)"Ro 

etc.  These  are  yellow,  insoluble  in  water,  hut  are  decomposed  by  acids.  Disodic 
diiu’auate  (xiranium  yellow)  is  much  used  as  a pigment  in  glass  and  porcelain 
manufactures. 

UJ!  ACTIONS  IN  THE  DET  WAY. 

Borax  and  microcosmic  salt  give  with  uranium  compotinds,  in  the  inner 
llame  of  tlie  blowpipe,  srccu  beads,  in  the  outer  tlame  yellow  beads,  which 
acquire  a yellowisli-sreeii  tint  on  cooling.  The  oxides  of  uranium  are  not 
reduced  by  fusion  with  CONaoo  on  charcoal. 


EEAOTIONS  IN  THE  WET  WAY. 

A.  riSANOUS  COMS*4iii!]Xi»s. — Use  a Solution  of  Ueanous  Sul- 
phate, SOjUo".  (Prepared  by  dissolving  uranoso-urauic  oxide  in  hot  oil  of 
vitriol,  diluting  with  water  and  evaporating  in  vacuo.) 

Uranous  salts  constitute  powerful  reducing  agents.  They  are  green,  or 
greenish-white,  and  yield  green  aqueous  solutions. 

SAmo  forms  a black  precipitate  of  uranous  sul{thiilc,  T7"S. 

AmHo,  KHo,  or  Nallo,  throw's  down  red-brown  gelatinous  uranous  liy- 
ilrate,  TJ"Ho.2. 

COKoj,  CONaOj,  or  COAmOo,  precipitates  green  uranous  liytlrate,  soluble 
in  excess,  especially  in  excess  of  COAmo^. 

Uranous  salts  become  oxidized  to  uranic  salts,  by  exposure  to  air,  or  by  treat- 
ment with  nitric  acid,  etc.  GJ-old  and  silver  salts  are  speedily  reduced  by  them, 
and  ferric  salts  are  reduced  to  ferrous  salts. 


B.  IJRA^’IC  C0.1IP0UNU.S. — Use  a Solution  of  Ueanic  Niteate, 

NA(U2t>2)o". 

Uranie  salts  are  yellow,  they  are  mostly  soluble  in  water,  and  are  reduced  to 
uranous  salts  by  SHo  and  by  alcohol,  or  ether,  in  sunlight. 

SAm.,  produces  in  the  cold  a chocolate-brown  precipitate  of  uranylic  sul- 
phide, containing  also  ammonic  sulphide  and  water.  It  is  insoluble  in 
yellow  ammonic  sulphide.  On  warnung  or  boiling  the  liquid  w'hich  con- 
tains the  uranylic  sulphide  (tT20o)S,  suspended  in  it,  the  precipitate 
splits  up  into  sulphur  and  black  uranous  oxide,  TT"0,  which  is  insoluble 
in  excess  of  SAm,.  Uranylic  sidphide  dissolves  readily  in  neutral  ammo- 
nic carbonate.  [Method  of  sf.paeation  of  U feom  Zu,  Mn,  and  Fe.] 

AmHo,  KITo,  or  NaHo,  produces  a yellow  precipitate,  consisting  of  acid 
uranate  of  the  alkali  metal ; insoluble  in  excess  of  the  precipitant ; not 
precipitated  in  the  presence  of  tartaric  acid. 

The  ammonia  precipitate  is  soluble  in  a solution  of  ammonic  carbonate,  and 
SAm,  does  not  precipitate  the  uranium  from  this  solution. 

COK02,  CONao2,  or  COAmo2,  gives  a light  yellow  precipititc,  consisting  (in 
the  case  of  potassic  carbonate) , of  potassio-iiraiiic  carhonatc  ; readily 
soluble  in  an  excess  of  the  precipitant.  By  treating  the  liquid  with 
dilute  sulphuric  acid,  as  long  as  effervescence  takes  place,  an  acid  uranate 
is  precipitated.  [Method  of  Separation  of  U feom  A1  and  Fe*'.] 

COBao"  completely  precipitates  a solution  of  a uranic  salt,  even  in  the  cold. 
^Separation  of 'U'"  from  Ni" , Co",  Mn",  Fe",  and  Z;i.] 
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KjPeCyg  produces  a reddish-lroton  precipitate.  {Most  delicate'  special 
reaction.) 

KgPe^Cyis  produces  no  ehaiige. 

Metallic  zinc  does  not  precipitate  metallic  uranium  from  its  solutions. 

2.  TUI AIjIjUJM,  T1'  and  Atomic  weight,  204. — This  metal  was  dis- 
covered by  Crookes  in  1861.  It  occurs  in  many  kinds  of  copper  and  iron 
pyrites,  but  invariably  in  verj'  minute  quantities ; also  in  many  kinds  of  crude 
sulphur,  in  some  of  the  deposits  from  the  flues  leading  from  tlie  pyi'ites  furnaces 
to  the  lead  chambers  of  sulphuric  acid  works,  and  in  the  deposits  in  the 
chambers  themselves.  It  has,  moreover,  been  found  in  lepidolite,  in  prepara- 
tions of  cadmium  and  bismuth,  in  ores  of  zinc,  mercury,  and  antimony,  in  the 
ashes  of  some  plants,  and  in  some  saline  waters. 

The  metal  is  most  economically  extracted  from  thalliferrous  flue-dust.  The 
dust  is  stirred  uj)  with  boiling  water,  the  insoluble  portion  allowed  to  settle,  and 
the  clear  supernatant  liquid  syphoned  off.  On  the  addition  of  concentrated 
hydrochloric  acid,  impure  thallious  eliloricle,  TlCl,  is  precipitated.  This  impure 
chloride  is  dissolved  in  concentrated  sulphuric  acid,  evaporated  till  the  hydro- 
chloric acid,  as  well  as  the  greater  portion  of  the  sulphuric  acid,  has  been  driven 
off,  then  dissolved  in  boiling  water,  and  a rapid  current  of  sulphmetted  hydrogen 
passed  through  the  solution,  whereby  all  the  metals  of  the  Silo  gi’oup  are  pre- 
cipitated. On  now  introducing  plates  of  zinc  into  the  dilute  acid  filtrate, 
s])ongy  nictaliie  thallium  is  precipitated,  which  can  be  readily  removed  from  the 
zinc,  and  obtained  ill  lumps  or  bars  by  pressure.  It  must  bo  preserved  under 
water. 

The  salts  may  be  prepared  by  dissolving  the  metal  in  the  respective  acids,  or 
by  the  double  decomposition  of  soluble  thallium  salts. 

Tliallium  forms  two  series  of  compounds  : — thallious  and  thallic.  In  the 
thallious  the  metal  exists  as  a monad,  and  in  the  thallic  as  a triad.  Thus  we 
have : — 

Thallious  oxide  ....  Ofl'L  Thallic  oxide  ....  Tl/"03 

Thallious  chloride  . . Tlcf  Thallic  chloride . . Tl'"G'l3,  etc., 

together  with  several  intermediate  compounds. 

In  some  of  its  chemical  relations  thallium  differs  from  all  other  metals.  In 
many  res])ccts  it  resembles  the  alkali  metals,  as,  for  instance,  in  forming  the 
readily  soluble  and  highly  alkaline  thallious  oxide  and  carbonate,  an  insoluble 
double  platinum  salt,  an  alum,  analogous  to  ordinary  potash  alum,  and  a 
scries  of  thallious  phosphates,  analogous  to  the  alkaline  phosphates.  In  most 
other  respects,  however,  it  is  more  nearly  allied  to  the  heavy  metals,  especially 
to  lead,  which  it  resembles  closely  in  appearance,  density,  melting-point,  specific 
heat,  and  electric  conductivity. 

REACTIONS  IN  THE  DRY  WAT. 

Thallium  compounds  impart  an  intense  green  colour  to  the  blowpipe  flame. 
The  spectrum  of  ihallium  shows  only  one  emeralcl-greeii  line,  Tla,  and  hence 
its  name  from  OnWog,  green. 

REACTIONS  IN  THE  WET  WAY. 

A.  THALIjKHJS  COMI’OUNMS. — Employ  A solution  OF  THALilOtrs 
SULPHATE,  SOoTloo. 

Thallious  salts  are  for  the  most  part  colourless  and  soluble  in  water,  such  as 
the  nitrate,  sulphate,  phosphate,  tartrate,  and  acetate.  Some  iwe  difficultly  solu- 
ble, e.g.,  the  carbonate  and  chloride,  and  a few  are  almost  insoluble,  e.g.,  the 
iodide.  They  react  neutral  to  test-paper,  and  possess  a slight  metallic  taste. 
Thallious  oxide,  OTI3,  is  colourless  and  fusible  ; it  dissolves  in  water,  the  solution 
is  colourless,  alkaline,  caustic,  and  absorbs  carbonic  anhydride  from  the  air.  It 

also  dissolves  in  alcohol.  r 1 -i-  ■ 

Thallious  salts  are  difficultly  converted  into  thallic  salts  ; powerful  oxidizing 
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agents,  sucli  as  nitric  acid,  are  without  effect  on  them.  They  require  boiling  and 
evaporating  with  aqua  regia  to  convert  them  into  the  higher  salts. 

SH.,  does  not  precipitate  strongly  acidified  thallious  solutions  unless  AsjOg  be 
present,  when  a part  of  the  thallium  is  carried  down  with  the  arsenious 
sulphide,  as  a brownish-red  precipitate.  Neutral  or  very  slightly  acidified 
solutions  are  incompletely  precyiitated  by  SHo.  Prom  acetic  acid  solu- 
tions the  whole  of  the  thallium  is  thrown  down  as  black  tliallious  sul- 
phide, STL. 

SAmo  lgroui»-rcagcnt)  precipitates  the  whole  of  the  thallium  as  thallious 
sulphide,  insoluble  in  ammonia,  alkaline  sulphides,  or  potassic  cyanide. 
Readily  soluble  in  dilute  hydrochloric,  sulphuric,  or  nitric  acids,  but 
difficultly  soluble  in  acetic  acid.  When  exposed  to  air,  thallious  sulphide 
is  rapidly  converted  into  thallious  sulphate.  On  heating  it  fuses  and 
volatih’zes. 

KHo,  NaHo,  or  AmHo,  does  not  precipitate  aqueous  solutions  of  thallious 
salts. 

Carbonated  alkalies  produce  a precipitate  only  from  concentrated  solutions, 
COTI03  being  soluble  in  20  parts  of  water. 

HCl,  or  a soluble  chloride  (bromide) , throws  down  lohite  thallious  chloride, 
TlCl;  the  precipitate  subsides  readily,  and  is  unalterable  in  the  air. 
It  is  very  slightly  soluble  in  boiling  water,  and  still  less  so  in  hydrochloric 
acid. 

PI  precipitates,  even  from  the  most  dilute  thallious  solutions,  ligld  yellow 
thallious  iodide,  TH,  whieh  is  almost  entirely  insoluble  in  water,  but 
somewhat  more  soluble  in  a solution  of  potassic  iodide.  This  constitutes 
the  most  delicate  reaction  Jor  thallious  salts. 

Cr02Ko2  precipitates  yellow  thallious  chromate,  Cr02Tlo2,  insoluble  in 
cold  nitric  or  sulphiu'ic  acid. 

PtClj  precipitates  difficultly  soluble, orange- coloured  thallious  piatiuic 
chloride,  2TlCl,PtCl4. 

Zinc  precipitates  metallic  thallium. 

B.  TIIALIjIC  COMl'O  UN  IIS. —Employ  A SOXIJTION  OP  thallio  chlo- 
EIDE,  Tl'"Cl3. 

Thailic  salts  are  easily  distinguished  from  thallious  salts  by  their  behaviour 
with  caustic  and  carbonated  alkalies,  which  precipitate  brown  gelatinous  thailic 
hydrate,  Tl'"OHo,  insoluble  in  excess. 

Thailic  oxide  is  scarcely  acted  on  by  concentrated  sulphuric  acid  in  the  cold ; 
on  heating,  thailic  sulphate,  (S02)3Tlo"'2)70H2,  is  obtained.  When  a solution  of 
thailic  sulphate  is  boiled,  oxygen  is  given  off  and  a thallious  salt  left.  When 
treated  with  HCl,  thailic  oxide  yields  the  chloride  Tl"'Cl3  as  a white  crystalline 
mags,  which  on  heating  splits  up  into  TlCl  and  CI2. 

HCl,  or  a .soliihlc  chloride  (hromidc),  produces  no  precipitate. 

SH2  reduces  thailic  to  thallious  salts,  with  precipitation  of  sulphur. 

r COHo  , , . . 

\ COUo  P^°‘^uces  a white  pulverulent  precipitate. 

POHoNao2  gives  a white  gelatinous  precipitate. 

ASOH03,  or  a soluble  arsenate,  gives  a yellow  gelatinous  precipitate. 

CrOoKo,  does  not  precipitate  thailic  salts. 

El  gives  a precipitate  of  TH  and  I3. 

3.  IN IIIU.H,  In''',  and  pseudo-triad.  Atomic  weight,  113'4. — Has  hitherto 
only  been  found  as  a rare  and  insignificant  constituent  of  some  zinc  ores  {zinc- 
blende  from  Freiberg),  in  the  metallic  zinc  prepared  from  these  ores,  and  in 
tungsten. 

Indium  is  a white,  highly  lustrous  metal,  resembling  platinum,  soft  and 
ductile,  of  specific  gravity  7'42.  It  fuses  easily  at  176°  C.  It  is  not  oxidized  in 
the  air  or  in  water.  Dilute  HCl  or  SO2H02  dissolves  it  readily,  hydrogen  being 
given  off.  Concentrated  sulpliuric  acid  dissolves  it  with  evolution  of  SO,.  This 
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is  readily  soluble  also  in  cold  dilute  nitric  acid.  Tlie  oxide,  'In"'203,  is  brovm 
when  hot,  straw-coloui’ed  when  cold,  and  is  readily  reduced  when  heated  on 
charcoal,  or  in  a current  of  hydrogen  gas.  A black  dioxide,  exists  hke- 

wise. 

The  principal  salts  of  indium,  viz.,  the  sulphate,  (803)3  luiO”*,  9OH2,  the 
nitrate,  NaOoIno"',  and  the  chloride,  In'"Ol3,  are  freely  soluble  in  water.  The 
chloride  is  volatile  and  hygroscopic. 

EEACTIONS  IN  THE  DRY  WAY. 

Indium  and  its  compounds  impart  to  the  flame  a peculiar  hltiish  tinge.  When 
examined  with  the  aid  of  a spectroscope  two  characteristic  blue  lines  can  be 
.seen,  a briglit  one  in  the  blue,  and  a feebler  01m  in  the  violet.  They  are,  how- 
ever, very  transient.  The  sidphido  gives  more  persistent  lines  than  the  chloride. 

RE.ICTIONS  IN  THE  WET  WAY, 

A SOLUTION  OE  ANY  OE  THE  ABOVE  BALTS  may  be  usod. 

Silo  pi’oduces  no  precipitate  in  the  presence  of  a sti'ong  acid.  Indium  is, 
however,  preciiiilatod  like  the  metal  ziuc,  from  slightly  acid  solutions,  or 
in  the  presence  of  acetic  acid.  The  slimy  precipitate  of  iiiilic  siiiiiliiilc, 
'Ino'"S3,  is  of  R flue  yellow  colour. 

S.^iUo  produces  at  first  a tokiie  precipitate  from  a solution,  containing  am- 
monic  tarlratc,  said  to  consist  of  'ln'"2S3  and  hydrogen.  It  turns  yellow 
on  the  addition  of  acetic  acid.  The  sulphide  is  insoluble  in  cold,  but 
soluble  in  hot  SAm2,  and  on  cooling  it  separales  again  of  a while  colour. 

Kilo,  Nallo,  or  Amllo,  produces  a while  bulky  precipitate  of  indie  hydrate, 
In"Tio3,  rcseniLliug  aluminie  hydrate,  quite  insoluble  in  KHo  or  Amllo. 
The  presence  of  TJIoo  prevents  the  precipilatiou. 

Alkaline  earhonates  precipitate  while  gelaiinous  earhnnatc.  Wlien 
recently  jirecipitatcd  it  is  soluble  in  amnionic  carbonate,  but  not  in  the 
fixed  alkaline  carbonates.  On  boiling,  indie  carbonate  separates  again. 

COBao"  precipitates  indie  salts  in  the  cold,  as  basic  salts.  (Distinction 
EROM  Zn,  Mn,  Co,  Ni,  and  Ee.) 

P01IoNao2  throws  down  a bulky  while  precipitate. 

Alkaline  oxalateH  produce  a crystalline  precipitate. 

Zme  iirecipitates  the  metal  in  the  Ibrm  of  white  shining  laminse. 

4.  VAlVAOirni,  V'"  and  r.  Atomic  weight,  Sl'.'l.— Occurs  only  in  a few 
i cry  rare  minerals,  jirincipally  in  vanadAte^  or  plumbio  vanadate  and  oxychloride, 

V303Pb0",  (g^Pb),'  analogous  in  composition  to  pyromorphite  (comp.  p.  96)  ; 

also  to  a very  small  extent  in  many  iron  ores,  (clay  and  pea  iron  ores),  and,  as 
Iloscoe  discovered,  in  the  copper-bearing  beds  at  Alderley  Edge,  and  Mottram 
St.  Andrews,  in  Cheshire. 

Vanadite  may  be  made  the  starting  point  for  preparing  the  several  vanadiuni 
compounds.  The  mineral  is  dissolved  in  nitric  acid,  and  the  lead  and  arsenic 
precipitated  by  Silo,  which  at  the  same  time  reduces  the  vanadic  pentoxide, 
V'".,Or,  to  l.etroxide,  'V‘''o04.  The  blue  filtered  solution  is  then  evaporated  to 
dryness,  and  the  residue  digested  in  ammonia,  when  the  vanadic  tetroxido 
becomes  reoxidized  into  pentoxide.  The  amnionic  vanadate  can  bo  precipitated 
a.s  a white  powder  from  this  solution  by  introducing  a lump  of  sal-ammoniac, 
being  scarcely  soluble  in  a saturated  solution  of  AmCl.  By  exposure  to  a tem- 
perature below  redness,  in  an  open  crucible,  ammonia  is  expelled  and  is 

Vanadium  forms  several  oxides,  oxychlorides,  chlorides,  sulphides,  lyhich  show 
that  the  metal  is  closely  allied  to  the  phosphorus  and  arsenic  group.  Thus 
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Oxides. 

Oxychlorides. 

Chlorides. 

Sulphides. 

r \ 

r \ 

' VCR 

_ ' 

V"(203  (black) 

— 

VCla 

— 

'Vw.,04  (blue) 

— 

VCI4 

V-.Os 

V'-OClj 

— 

V-sSj 

The  most  important  of  these  compounds  is  the  pentoxide,  or  vanadic  anhydride, 
identical  in  composition  with  phosphoric,  arsenic,  antinionic,  tantahc  and  niobie 
anliydi’ides.  It  combines  in  different  proportions  with  bases,  forming  like  the 
other  anhych-ides  referred  to,  three  series  of  salts,  viz.,  ortho-,  pyro-,  and  meta- 
vanadates.  Fused  with  CONao2,  it  yields  sodic  ortho-yanadate,  VONao^;  but 
when  boiled  with  a solution  of  an  alkali,  it  forms  the  meta-vanadate,  the  latter 
class  of  vanadates  being  more  stable  than  the  ortho-salts.  Alkaline  vanadates  are 
soluble  in  water,  inversely  to  the  quantity  of  free  alkali,  or  alkaline  salt  present. 
Hence  they  are  precipitated  from  their  solutions  by  excess  of  alkali,  or  by  salts 
(AmCl).  {Most  charaoteristic  reaction^ 

Vanadic  anhydride  has  a reddish-yellow  colour,  and  is  difficultly  soluble  in 
water  (1,000  parts),  forming  a light  yellow  solution,  which  reddens  litmus  paper. 
It  dissolves  also  in  the  stronger  acids  to  red  or  yellow  solutions,  which  become 
frequently  decolorized  by  mere  boiling.  It  unites,  however,  with  bases  more 
readily  than  with  acids. 

A sulphuric  acid  solution  of  the  acid  when  considerably  diluted  with  water, 
and  treated  with  zinc  or  sodium  amalgam  and  warmed  gently,  tiums  first  blue, 
then  green,  and  finally  from  lavender  to  violet.  The  V2O5  becomes  reduced  to 
'V'oO, ; and  on  tlie  addition  of  AmHo,  a brown  precipitate  of  the  hydrate  of  the 
dioxide  (hypovanadious  acid)  forms,  which  absorbs  oxygen  more  rapidly  than 
any  other  known  reducing  agent,  and  bleaches  organic  colouring  matter  (indigo 
solution,  etc.)  as  quickly  as  chlorine. 

Many  organic  substances,  such  as  oxalic  or  tartaric  acid,  sugar,  alcohol, 
reduce  vanadic  acid,  especially  in  the  presence  of  strong  mineral  acids,  to  the 
blue  The  same  takes  place  when  SO2,  or  SHj,  are  added  to  its  solutions 

in  aoid. 

EEACTIONS  IS  THE  DET  WAY, 

Borax  dissolves  V205  to  a clear  bead,  colourless,  or,  with  large  quantities  of 
the  anhydride,  yellow,  in  the  outer  flame,  beautiful  green  in  the  inner  flame. 
With  larger  quantities  of  vanadic  acid  it  looks  brownish  whilst  hot,  and  only  turns 
green  on  cooling. 


EEACXIOlfS  IN  THE  WET  WAY. 

Use  a solution  oe  Sodic  Metayanadate,  V02Nao. 

Orthovanadates  are  generally  yellow  or  reddish-yellow,  both  in  the  liquid  and 
solid  state.  By  boiling  in  water,  the  orthovanadates  of  the  alkahes  are  converter! 
into  colourless  metavanadates.  On  the  addition  of  an  acid  to  a solution  of  a 
neutral  or  orthovanadate,  the  solution  becomes  yellowish-red,  owing  to  the  forma- 
tion of  anhydro-salts. 

Ammonic,  baric,  and  plumbic  metavanadates  are  but  sparingly  soluble  in 
water.  The  alkaline  vanadates  are  more  soluble  in  pure  water,  than  in  water 
containing  free  alkali,  or  a salt : hence  they  are  precipitated  in  the  presence  of 
the  latter.  All  are  soluble  in  nitric  acid,  but  insoluble  in  alcohol. 

SAmo  (grou|i-rcaBcnt)  produces  a brown  coloration  in  the  liquid,  and  on 
acidulating  with  HC'l,  or  better  with  SO2H0;,  the  soluble  ammonic  sulpho- 
vanadate  is  decomposed,  and  brown  itciitasiilitlildc,  V2S5,  mixed  with 
sulphur,  is  precipitated  ; the  liquid  at  the  same  time  generally  acquires  a 
blue  colour.  It  dissolves  with  red-brown  colour  in  aqueous  solutions  of 
alkaline  carbonates,  hydrates,  and  sulphliydrates. 

If  an  acidified  solution  of  an  alkaline  vanadate  be  shaken  up  with  ether  con- 
taining peroxide  of  hydrogen,  the  aqueous  fluid  acquires  a recl-browii  colour. 
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like  that  of  ferric  acetate,  whilst  the  ether  remains  colourless.  This  reaction  is 
extremely  delicate. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  salts  give  rise  to  red- 
coloured  solutions.  They  are,  however,  did'erently  affected  by  reducing  agents. 

REACTIONS  OP  THE  RARE  METALS  OF  GROUP  II. 

Group  II  comprises  the  Bare  Metals,  precipitated  as  Sulphides  hy 
SiTj,  fro7n  a Hydrochloric  Acid  Solution,  viz.  : — 

(A.)  As  Sulphides,  insoluble  in  yelloiu  Amnionic  Sidphide : — Pal- 
ladium, Rhodium,  Osmium,  Ruthenium. 


1.  I*AIjLAM1U:»I,  Pd"  and  Atomic  weiglit,  106'5. — Occurs  native  in 
platinum  ores,  principally,  however,  alloyed  with  gold  and  silver,  in  a gold  ore 
found  in  Brazil.  The  gold  dust  is  fused  together  with  silver,  and  the  granular 
alloj'  hciitcd  with  nilric  acid,  in  which  silver  and  palladium  only  dissolve.  On 
the  addition  of  sodic  chloride,  silver  is  removed  as  chloride,  and  the  palladium 
may  then  bo  precipitated  as  palladious  cyanide,  by  means  of  mercuric  cyanide, 
and  decomposed  by  ignition. 

The  metal  greatly  resembles  platinum,  but  is  somewhat  darker  in  colour. 
Its  specific  gravity  is  11'8.  Of  all  the  so-called  platinum  metals  it  fuses  most 
readily,  difficultly  in  an  ordinary  fire,  but  easily  in  the  oxy-hydrogen  flame. 
I’alladium  is  sparingly  soluble  in  pure  nitric  acid,  but  dissolves  more  readily  in 
the  red  acid.  It  dissolves  slightly  in  boiling  concentrated  sulphuric  acid,  but  is 
readily  attacked  by  fusing  with  hj'drie  potassic  sulphate.  The  true  solvent  for 
it,  as  for  most  other  platinum  metals,  is  aqua  regia.  Palladium  forms  several 
oxides  and  chlorides,  in  which  the  metal  exists  cither  as  a dyad  or  tetrad, 
thus : — 

Palladious  oxide Pd"0  Chloidde Pd"Cl2 

Palladio  „ Pd''02  ,,  Pd''Cl4 

The  lower  oxide  is  obtained  on  gently  igniting  palladious  nitrate.  It  is  black, 
and  its  hydrate  dark  brown.  Both  part  with  their  oxygen  upon  intense  ignition, 
leaving  spongy  palladium.  The  nitrate  may  bo  prepared  from  the  metal  by  dis- 
solving in  nitric  acid  and  concentration  over  a water-bath.  It  forms  then  a 
brownish-red  non-crystollizable  mass. 

Palladious  salts  are  mostly  soluble  in  water ; they  are  brown  or  reddish- 
brown  ; their  dilute  solutions  are  yellow. 

KEACTIONS  IN  THE  WET  WAT. 

A SOLUTION  OF  Palladious  Nitbate,  N^O^Pdo",  is  used. 

Olio  precipitates  a brown  l»asic  salt,  from  solutions  containing  slight  excess 
of  acid  only. 

SIIj,  or  SAmo,  throws  down  from  acid  or  neutral  solutions  black  iiallailious 
sulphiile,  PdS,  insoluble  in  SAmo,  but  soluble  in  boiling  hydrochloric 
acid,  and  readily  soluble  in  aqua  regia. 

KHo,  or  Nailo,  precipitates  a yellowish-brown  liaslc  salt,  soluble  in  excess. 

COKoo,  or  CONaoo,  precipitates  irowa  pallailious  IiyUrate,  Pdlloj,  soluble 
in  excess,  rejjrecipitated  on  boiling. 

AmHo,  or  COAmoj,  produces  no  precipitate  from  the  nitrate,  but  decolorizes 
the  dark  brown  solution. 

HI,  or  solulile  loilidcs  give,  even  in  very  dilute  solutions,  a black  precipi- 
tate of  Iiallailious  loiliile,  Pdlj,  somewhat  soluble  in  excess  of  KI. 
{Most  characteristic  reaction  for  Pd.  It  serves  for  the  detection  of  iodine 
in  the  presence  of  chlorine  and  bromine.) 

Hg-tiyj  gives  a yellowish-white  gelatinous  precipitate  of  PdCyo,  readily  soluble 
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in  KCy,  and  in  AniHo.  Slightly  soluble  in  HCl.  It  leaves  on  ignition 
spongy  metallic  palladium.  (^Characteristic  reaction.') 

CyAms  gives  no  precipitate,  even  after  the  addition  of  S02-  (Distinction 
FEOJI  Cu.) 

SnClj  produces  a broionish-blacJc  precipitate,  soluble  in  HCl,  to  an  intense 
green  solution. 

Palladious  salts  are  reduced  to  the  metallic  state  by  phosphorus,’  SOHO^, 
NOKO,  I metallic  zinc  or  iron,  alcohol,  etc. 

Palladious  chloride,  obtained  by  dissolving  PdS  in  boiling  HCl,  is  precipi- 
tated by  ammonia  as  flesh-coloured  aiiiiiiuiiio  - paUailious  chloriile, 
N2HePd"Cl2,  soluble  in  AmHo  to  a colourless  fluid,  from  which  HCl  reprecipi- 
tates it  as  a yellow  crystalhne  chloride,  identical  in  composition. 

AmCl  does  not  precipitate  palladium  salts. 

KCl  precipitates  a brownish-red  octahedral  iloiiUlc  chloride,  2KC1,  PdCl^, 
insoluble  in  absolute  alcohol ; soluble  in  water  to  a dark-red  fluid. 

All  palladium  salts  are  decomposed  by  ignition,  leaving  metallic  palladium. 

2.  RHODIUM,  Rh",  and  also  a pseudo-triad.  Atomic  weight,  10 PL 
— Found  in  small  quantity  in  platinum  ores,  and  frequently  to  a considerable 
extent  in  platinum  residues. 

It  is  a whitish-grey  metal,  less  ductile  than  platinum,  and  scarcely  softened, 
even  in  the  flame  of  the  oxy-hydrogen  blowpiipe.  The  specific  gravity  of  un- 
fused rhodium  is  10'64,  that  of  the  pure  metal,  after  fusion,  12'1.  Rhodium  is 
unalterable  in  the  air  at  ordinary  temperatures,  but  oxidizes  at  a red  heat.  It 
also  combines  with  chlorine  at  a red  heat.  When  pure  it  resists  the  action  of 
the  strongest  acids,  even  of  aqua  regia ; but  when  alloyed  with  other  metals,  as 
with  Pb,  Bi,  Cu,  and  Pt,  it  is  soluble  in  aqua  regia  ; when,  however,  alloyed  with 
Au,  or  Ag,  it  does  not  dissolve.  It  is  oxidized  by  fusion  with  solid  caustic 
potash  and  nitre.  Fusion  with  hydric  potassic  suljihate  converts  it  into  soluble 
potassic  rlioilic  siiljiliate,  S306(Rh'"K30g)''‘.  Mixed  with  sodic  chloride, 
and  ignited  in  a current  of  chlorine,  a floulilc  clilorifle  of  soiliuni  and 
I'hodiiiin,  3NaCi,R.h'"Cl3,120H2,  is  formed,  which  is  likewise  easily  soluble  in 
water. 

Rhodium  forms  several  oxides,  chlorides,  sulphides,  etc.,  in  which  the  metal 
exists  as  a dyad,  tetrad  (pseudo-triad),  or  hexad  element,  thus  : — 

Oxides. 


Rhodious  oxide Eh"0. 

Rhodic  „ Rh^O^. 

„ dioxide  KhwO^. 

Rhodic  trioxide  (anhydride,  acting  as  a weak  acid)  Eh.’^'Og. 

Chlorides.  Sulphides. 

Rhodious  chloride E.h"Cl2.  Rhodious  sulphide. . Rh"S. 

Rhodic  chloride Rh"'Cl3.  Rhodic  „ ....  'Rh."'S3. 

or  'Rh'"2C'lc. 


The  most  important  compounds  are  the  RhoClo  and  Rh^Og.  Rhodium  salts 
are  obtained  with  difficulty,  owing  to  the  insolubility  of  the  metal  and  its  oxide 
in  acids.  Their  solutions  are  generally  rose-coloured. 

EEACTIONS  IN  THE  WET  WAT. 

Employ  a solution  oe  Potassio-Riiodic  Sulphate,  or  of  the  double 
Chloride  of  Sodium  and  Rhodium. 

SHs,  or  SAmg,  precipitates  from  a hot  solution,  brown  rhoilic  siilphiilc, 
Rh^Ss)  insoluble  in  SAm.^,  but  soluble  in  boiling  nitric  acid. 
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KHo,  or  NaHo,  gives  with  the  chloride  a yellowisli-lrown  precipitate  of 
rlintlic  hydrate,  RhoHog,  soluble  in  excess  ; in  other  rhodic  salts  this 
precipitate  appears  only  on  boiling. 

From  a solution  of  rhodic  chloride,  KHo,  prodncing  at  first  no  precipitate, 
gives,  on  the  addition  of  alcohol,  a brown  precipitate  of  rhodic  Iiydrate. 

AmHo  gives  also  a yellow  precipitate,  only  formed,  however,  after  some  time, 
soluble  in  HCl. 

KI  produces  a slight  yellow  precipitate. 

Metallic  zinc  precipitates  blaek  metallic  rhodium. 

NOKo  (iiotassic  nil  rite)  gives  with  the  chloride  an  orange-yelloio  precipi- 
tate, which  is  slightly  soluble  in  water,  but  readily  soluble  in  HCl. 

Ehodium  is  distinguished  from  the  other  platinum  metals  by  its  insolubility 
in  aqua  regia,  its  solubility  in  fusing  SO2H0K0,  and  the  behaviour  of  its  chloride 
with  potash  and  alcohol. 


.3.  Os",  and  also  a pseudo-triad.  Atomic  Aveight,  199‘li. 

— Found  chiefly  as  a natural  alloy  of  osmium  iridium  in  platinum  ores,  which 
remains  behind  undissolvcd,  AA’hen  the  ores  are  treated  with  aqua  regia,  in  the 
form  of  Avhite,  metallic-looking,  hard  grains.  This  alloy  is  attacked  by  mixing 
it  Avith  common  salt,  or  potassic  chloride,  and  exposing  it  in  a glass  or  porcelain 
lube  to  a current  of  moist  chlorine  gas.  Osmic  acid  is  formed,  AA'hich  volatilizes, 
and  can  be  condensed  and  fixed  by  passing  the  fumes  into  a solution  of  caustic 
))olash.  Iridium  remains  behind  in  the  tube  as  a double  chloride,  2KCl,IrCl4. 
This  salt  is  obtained  in  reddish-black  regular  octahedra,  by  recrystallization 
from  water.  The  alkaline  solid  ion  is  evaporated  Avith  excess  of  sal-ammoniac, 
and  leaves  on  ignition  of  the  dry  residue,  and  extraction  with  water,  metallic 
osmium,  as  a black  powder,  or  grey,  and  with  metallic  lustre.  The  densest 
metal  has  a specific  gravity  of  21'4.  Intense  Avhite  heat  A'olatilizes  the  metal, 
but  docs  not  melt  it.  In  contact  Avith  air,  it  burns  the  more  readily  the  finer 
the  metal  is  diA'idcd,  and  is  converted  into  nsiiilc  niiliyilrfilc,  Os''*“0.,.  Red 
fuming  nitric  acid,  or  aqua  regia,  dissolves  osmium  likcAvise,  and  oxidizes  it  to 
OSO4.  Very  intensely  ignited,  osmium  is  rendered  insoluble  in  acids,  and  has  to 
be  fused  with  nitre,  and  then  distilled  with  nitric  acid,  Avhen  OSO4  distils  over. 

Osmium  combines  Avith  oxygen,  or  chlorine,  etc.,  in  several  iwoportions, 
thus  : — 


Osmious  oxide Os"0  Osmious  chloride. .. . Os"Cl2 

Osmic  ,,  Osmic  ,,  ....  ^Os"^oC'l|],6KCl  (not 

isolated) 


Osmic  dioxide Os'^Oj  Osmic  tetrachloride . . Os‘''Cl4 

Osmious  anhydride. . Os'’>0;i  — 

Osmic  anhydride. . . . Os'’'^‘04  — 

The  two  highest  oxides  combine  with  bases,  and  form  osuiitcs  and  unstable 
nsniatcH.  OSO4  is  remarkable  for  its  peculiar,  exceedingly  irritating,  and  offensive 
odour,  resembling  (hat  of  Cl  and  I.  It  attacks  the  mucous  membrane  and  the 
lungs,  and  is  excessively  poisonous.  It  is  absorbed  by  water,  and  is  jjrecipitated 
from  'its  solutions  by  ail  metals,  even  by  mercury  and  silver,  as  a black  metallic 
lAOwder.  On  heating  a mixture  of  finely-divided  osmium,  or  of  the  sulphide,  Avith 
potassic  chloride  in  a stream  of  chlorine  gas,  a double  chloride,  Os.ClcGKCl, 
SOHj,  is  obtained,  which  crystallizes  from  water  in  dark  red-brown,  regular 
octahkra.  The  salt  is  insoluble  in  alcohol. 

The  solution  of  this  double  chloride  is  more  stable  than  that  of  the  osmium 
chlorides,  and  may  conveniently  be  employed  for  studying  the  reactions. 

BEACTIONS  IN  Tnj5  AS'ET  AVAT. 

SII2,  or  SAm2,  gives  a brownish-black  siiIpliWIc,  Os"S,  AA’hich  only  sepa- 
rates when  a strong  acid  is  present.  The  precipitate  is  insoluble  in 
SAmn. 
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KHo,  or  NaHo,  AmHo,  or  COK02  produces  a brownish-red  precipitate  of 
liydrateil  osmic  ilioxiile,  Os*''Ho4. 

On  fusing  the  double  chloride  with  CONa02,  dark  grey  OSO2  is  obtained. 

Heated  with  tannic  acid,  or  alcohol,  with  addition  of  HCl,  the  double  chlo- 
ride is  reduced  to  the  blue  osmious  chloride,  Os"Cl2. 

A solution  which  contains  osinic  acid  (an  osmate)  is  remarkable  for  its  great 
nxl<li7.in&r  power.  It  decolorizes  indigo  solution,  separates  iodine  from  KI, 
converts  alcohol  into  aldehyde  and  acetic  acid.  Sodic  sulpliitc  yields  a deep 
violet  coloration,  and  dark  blue  osmious  suliililtc,  SOOso",  gradually  sepa- 
rates. Ferrous  sulphate  produces  a black  precipitate  of  OSO2.  Stannous  chlo- 
rite produces  a brown  precipitate,  soluble  in  HCl  to  a brown  fluid.  All  com- 
pounds of  osmium  yield  the  metal  when  ignited  in  a cm-rent  of  hydrogen. 


4.  RIJTHEIVIU.W,  Ru",  ri,  and  also  a pseudo-triad.  Atomic  weight, 
104’4. — Found  in  small  quantity  only,  in  that  portion  of  the  lolatinum  ores  which 
remains  behind,  after  treating  with  aqua  regia.  It  is  a greyish-white  metal, 
closely  resembling  iridium,  and  very  difficultly  fusible.  Wlien  heated  in  the  air 
it  becomes  covered  with  bluish-black  ruthcnic  oxide,  RU2O3,  insoluble  in  acids. 
When  pure,  it  is  insoluble  in  acids,  being  barely  aeted  upon  by  aqua  regia ; 
fusion  with  hvdric  potassic  sidphate  even  remains  without  action  upon  it. 

It  is  attacked,  either  by  fusion  with  caustic  potash  and  nitre,  or  potassic 
chlomte,  and  is  converted  thereby  into  itotassic  riirliciiatc,  Ru''*02Ko2,  a dark 
green  mass,  soluble  in  water  to  an  orange-coloured  fluid,  which  tinges  the  skin 
black,  from  separation  of  black  ruthenic  oxide.  Acids  (NOoHo)  tluow  down  the 
black  hydrate. 

Or  it  may  be  rendered  soluble  by  ignition  with  potassic  chloride  in  a current 
of  chlorine  gas,  being  thus  converted  into  potassic  ruthenic  chloride 
2KCl,Ru>-Cl4. 

Ruthenium  forms  several  oxides,  chlorides,  etc.,  thus  : — 


Ruthenious  oxide Eu"0 

Ruthenic  ,,  'Ru'"203 

Ruthenic  dioxide RUWO2 

Ruthenic  trioxide Ru^‘03 

(anhydride). 

Ruthenic  tetroxide  Ru’f'“04 


(perruthenic  anhydi’ide) . 


Ruthenious  chloride Ru"Clo 

Ruthenic  chloride 'Ru"'2C\ 

Ruthenic  tetrachloride  ....  RUWCI4  ’ 
(known  only  in  combination). 


EEACTIONS  IN  THE  WET  WAX. 

A SOEHTION  of  Ruthenic  Cheoeide,  'Ru^jCIb,  prepared  by  dissolving  in 
HCl  the  ruthenic  hydrate,  precipitated  by  nitric  acid,  from  a solution  of  potassic 
ruthennte,  may  be  used.  It  forms  an  orange-yellow  colom-ed  solution,  which  on 
heating  is  resolved  into  HOT  and  RU2O3. 

SH2  produces  at  first  no  precipitate,  but  after  some  time  the  fluid  acquires  an 
azure-blue  tint,  and  deposits  brown  ruthenic  sulpliidc,  RU2S3.  This 
reaction  is  very  delicate  and  characteristic. 

S.Am2  produces  a brownish-black  precipitate,  diflicultly  soluble  in  excess. 

KHo  precipitates  black  rutlienic  liydratc,  Ru.^Hoc,  insoluble  in  alkalies, 
but  soluble  in  acids. 

CyKs  produces,  in  the  absence  of  other  platinum  metals,  after  some  time  a 
red  coloration,  which  gradually  changes  to  pur2>le-red,  and,  upon  heating 
to  a,  fine  violet  tint  {very  characteristic). 

KCl,  or  AmCl,  produces  in  concenl.rated  solutions  crystalline  glo.ssy  violet 
precipitates  of  the  Unuhlc  chlorines,  didicultly'  soluble  in  water,  in- 
soluble in  alcohol.  They  are  decomposed  on  boiling  with  water,  with 
separation  of  black  ruthenious  oxychloride. 

NOKo  forms  a double  salt,  3NOKo,  N3O3RU0'",  readily  soluble  in  an  exce.ss 
of  the  alkaline  nitrite.  On  the  addition  of  a few  drops  of  colourless  SA)U2, 
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the  solution  assumes  a splendid  daric  red  colour,  changing  to  hr  own,  vrith- 
out  precipitation  of  sulphide. 

Metallic  zinc  produces  at  first  a fine  aznre-hlue  coloration  (owing  to  the  reduc- 
tion of  'Ku'"201r,  to  Eu"Cl2),  which  subsequently  disappears,  ruthenium 
being  deposited  in  the  metaUic  state. 

(B.)  As  Sulphides,  soluble  in  yellow  amnionic  sulphide  : — Iridiu.m, 
Molybdenum,  Tellurium,  and  Selenium. 


1.  lUl  IBIUM,  Ir",  'r,  and  ri,  also  as  a pseudo-triad.  Atomic  weight,  198. — 
Found  in  platinum  ores  alloyed  with  platinum,  chiefly,  however,  in  combination 
with  osmium,  left  behind  as  a native  alloy  in  the  form  of  very  hard  metallic- 
looking  brittle  grains,  when  the  ore  is  treated  with  aqua  regia.  In  this  con- 
dition, or  when  reduced  at  a red  heat  by  hydrogen,  from  any  of  its  compounds, 
7.(  ix  inxolnhle  in  every  acid.  Fusion  with  acid  potassic  sulphate  oxidizes,  but  does 
not  dissolve  it  (Distinction  trom  Rh).  When  fused  with  caustic  soda  in  a 
silver  crucible  with  access  of  air  or  with  sodic  nitrate,  it  is  likewise  oxidized, 
hut  the  compound  of  Ir^Oa  and  soda  is  only  partially  soluble  in  water.  By  the 
action  of  aqua  regia  the  latter  is  dissolved  to  a deep  black  liquid,  containing  the 
(Iniilile  oliloriilc  of  iridiiiiii  atiil  .soiliiiiu,  2NaCl,IrClj.  This  same  com- 
pound is  also  obtained  when  a mixture  of  the  iridium  powder  and  dry  sodic 
cliloride  is  boated  in  a glass  or  ])orcelain  tube  in  a current  of  chlorine  gas,  and 
the  residue  dissolved  out  with  water. 

Iridium  forms  numerous  compounds  with  oxygen,  chlorine,  iodine,  sulphur, 
etc.,  in  which  the  metal  exists  as  a dyad,  pseudo-triad,  tetrad,  or  hexad,  as  will 
be  seen  from  the  following  list : — 

Oxides. 


Iridious  oxide  

Iridic  „ 

Iridic  dioxide  (most  stable)  

,,  hydrate  (bulky,  indigo  coloured) 

Iridic  anhydride  (not  known  in  the  free  state)  . . . . 


'Ir'".20.. 

Ir'vQ.,. 

Ir'vHoj. 

IrviOg. 


Chlorides. 


Ir"Clo. 

Ir'''Cl^. 


Iodides.  Sulphides, 

Ir"lo.  Ir"S  greyish-black. 

'Ir^olfl.  'Ir'"oS3  brownish-black. 


All  iridium  chlorides  are  capable  of  forming  crystalUne  double  chlorides  with 
tlie  chlorides  of  the  alkali  metals. 


REACTIONS  IN  THE  WET  WAY. 

A Solution  op  the  double  Chloride  op  Sodium  and  Iridium, 
2NaCl,IrCl4,  may  conveniently  be  employed. 

Sllo  first  decolorizes  the  iridium  solution  with  separation  of  sulphur  and 
reduction  of  the  Ir‘''Cl4  to  'Ir^Clc,  and  finally  precipitates  brown  Iricllc 
suliililtlc,  'Ir'"2Ss. 

S.A.mo  produces  the  same  precipitate,  readily  soluble  in  excess. 

KHO”  or  NaHo,  added  in  excess,  colours  the  solution  greenish,  and 'precipi- 
tates a little  brownish-blaok  potas.slc  double  chloride.  On  heating 
the  liquid  w'ith  exposure  to  the  air,  it  acquires  at  first  a reddisli  tint 
which  changes  afterwards  to  azure-blue  (Distinction  prom  Pt),  a.nd 
when  evaporated  to  dryness  and  taken  up  with  water,  a colourless  solution 
is  obtained,  and  a blue  deposit  of  iridic  dioxide  is  left  undissolvcd. 

KCl  precipitates  dark  brown  yotassle  iridic  chloride,  2KCl,IrCL,,  in 
soluble  in  a concentrated  solution  of  potassic  chloride. 

AmCl  throws  down  from  concentrated  solutions  a dark  red  powder,  consist- 
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ing  of  small  octahedral  crystals  of  the  aniinonlc  double  chloride, 
2AmCl,IrCl4,  insoluble  in  a concentrated  solution  of  the  precipitant. 

Reducing  agents,  such  as  potassic  nitrite,  oxalic  acid,  ferrous  sulphate, 
stannous  chloride,  mercurous  nitrate,  reduce  this  double  salt  (as  well  as 
the  potassic  double  cliloride)  especially  wheu  in  hot  solutions,  to  the  sesqui- 
salt,  e.g. : — 

2(2KCl,Ir*''Cl4)  + 4WOE;o  = 6KCl,'Ir'"2Clo  + 2NOiKo  + NjOa, 

The  double  chloride  crystallizes  out  on  cooling. 

Wheu  Ir*''Ho4  is  suspended  in  a solution  of  potassic  nitrite,  and  the  solution 
saturated  with  sulphurous  acid  and  boiled,  with  renewal  of  the  water,  as  long  as 
SOo  is  given  off,  the  whole  of  the  iridium  is  converted  into  insoluble  brownish- 
green  Iridic  suliihitc,  SO(IrO)"o",40H2  (Sepabation  feom  Pt). 

Metallic  zinc  precipitates  black  metallic  iridium. 

Note. — For  the  separation  of  the  so-called  platinum  metals  the  student  must 
refer  to  some  larger  work  on  Chemistry,  such  as  “ Watts’  Dictionary.” 


2.  MOLYBDENUitl,  Mo",  and  also  as  a pseudo-triad.  Atomic 

weight  96. — Occurs  only  in  a few  minerals,  more  especially  in  molybdic  disul- 
jjhide  (Molgbdenite,  Mo'vSj,  resembling  graphite,  and  as  plumbic  molybdate 
(wuJfenite,  or  yellow  lead  ore),  Mo02Pbo". 

Molybdic  anhydride,  MoO^,  serves  for  the  preparation  of  ammonie  molybdate, 
a reagent  largely  used  now  in  determining  phosphoric  acid,  and  best  obtained 
from  molybdenite,  by  first  roasting  the  ore,  at  a red  heat,  in  an  open  vessel, 
and  dissolving  the  impure  anhydride  in  strong  ammonia.  An  acid  ammonie 
r Mo02Amo 

molybdate,  -<0  + OH2,  crystallizes  out,  on  cooling,  in  large  transparent 

[ MoO.,Amo 

crystals.  The  metal  is  prepared  by  intensely  heating  the  oxide  in  a charcoal- 
lined  crucible.  It  is  a silver-white,  brittle  and  exceedingly  infusible  metal,  of 
specific  gravity  8'6.  It  is  not  affected  by  exposure  to  the  air,  but  when  heated  it 
becomes  first  brown,  then  blue,  and  finally  white,  passing  through  various  stages 
of  oxidation  until  it  is  converted  into  molybdic  anliydride,  MoOa.  Molybdenum 
is  insoluble  in  HCl,  but  is  acted  upon  by  NO2H0,  or  aqua  regia,  being  converted 
into  the  anhydride,  if  sufiicient  nitric  acid  be  present. 

It  forms  with  oxygen,  chlorine,  sulphur,  etc.,  compounds  in  which  the  metal 
exists  as  a dyad,  pseudo-triad,  tetrad,  hexad,  and  octad,  thus  : — 


Oxides. 


Molybdous  oxide,  ]!Io"0. 
Molybdic  „ 'Mo'"20.,. 

= Mo0,Mo02. 
Molybdic  dioxide,  Mo'r02. 
Molybdic  trioxide 
or  anhydride,  MoO^ 


Chlorides. 

A 

m:o"cl. 

'Mo'^Clfi. 

m:o‘''C14. 


Sulphides. 


Mo^S.,  (the  native  molybdenite) . . 
Mo''‘S3  (sulphomolybdic  anhy- 
dride) . 

Mo''*“S4  (p®'"  • sulphomolybdic 

anhydride) . 


The  higher  oxide  (anhydride)  and  sulphides  form  oxy-  and  sulpho-salts, — 
molybdates  and  sulpho-molybates.  Black  molybdous  hydrate,  !Mo"Ho2,  forms 
with  acids  molybdous  salts,  which  absorb  oxygen  readily  from  the  air,  and  are 
powerful  reducing  agents.  The  principal  salts  are,  however,  the  molybdates. 


EEACTION8  IN  THE  DET  WAT. 

Molybdic  anhydride,  when  heated  on  charcoal,  in  the  outer  flame,  first  melts, 
and  is  then  partly  volatilized  and  forms  a yellow  crystalline  sublimate  on  the 
charcoal  which  turns  white,  on  cooling  j in  the  inner  flame  it  is  reduced  to  the 
metallic  state  (even  without  CONaOo)  ; the  metal  can  be  obtained  as  a grey 
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powder,  on  levigating  the  cliarcoal.  With  borax,  all  oxides  of  molybdenum  give 
in  the  outer  flame  a bead  which  is  yellow,  when  hot,  and  colourless,  on  coohng; 
in  the  inner  flame,  a darh-hrown  bead,  which  is  opaque,  when  excess  of  molyb- 
denum has  been  used. 

REACTIONS  IN  THE  WET  WAT. 

Employ  A SOLUTION  of  Ammonio  Molybdate. 

The  alkaline  molybdates  are  soluble  in  water.  Most  others  are  insoluble. 

Nitric,  or  hydrochloric  acid,  precipitates  white  iiiolyliilic  acia,  MoOoHoj, 
from  a concentrated  solution  of  a molybdate,  soluble,  however,  in  a large 
excess  of  the  acid. 

SHg  gradually  precipitates  from  acidulated  solutions  hroxmiish~hlacJc  niolylt- 
rtlc  tcrNiiIiiliiilc,  M0S3,  soluble  in  alkaline  sulphides  or  sulpho-salts, 
wliich  ai’e  decomposed  again  by  acids  with  precipitation  of  MoSj,  espe- 
cially on  the  application  of  heat.  On  the  addition  of  a little  SH^  only, 
the  molybdate  solution  acquires  at  first  a blue  tint ; added  in  larger 
quantities,  it  produces  a precipitate,  and  the  supernatant  fluid  appears 
green,  till  on  the  addition  of  excess  of  SII2  the  whole  of  the  metal  sepa- 
rates, though  slowly,  as  a tersulphido. 

SAm2  gives  a similar  precipitate,  soluble  in  excess. 

Keiliirin;?  nf?eiit»<,  such  as  SnCl2,  N204Hg2o",  Zn  and  II Cl,  etc.,  produce 
changes,  marked  chiefly  by  altei’ations  in  colour. 

The  principal  and  most  characteristic  reaction  for  molybdic  anhydride  con- 
sists, however,  in  precipitating  it  in  a nitric  acid  solution,  aByellotv  pluKS- 
ItlKUiiioIyliilatc,  or  arsciiln-molylHtiitc,  by  the  addition  of  a mere 
trace  of  soluble  phosphate,  or  arsenate.  (Comp.  pp.  134  and  81.) 

3.  TELI.IIKIIJM,  Te",  and  Atomic  weight,  128.— -Occurs  in  a few 
places,  and  in  small  quantities  only,  as  native  metal  {graphic  and  foliated  tellu- 
rium) ; more  often  in  combination  with  An,  Ag,  Bi,  Pb,  as  a (sulpho)  -telluride, 
analogous  to  arsenides,  etc. ; or  as  tellukous  acid,  in  combination  with  metallic 
bases. 

Tellurium  exhibits  all  the  physical  properties  of  a metal,  and  resembles  anti- 
mony in  its  general  appearance.  It  is  a white,  brittle,  but  readily  fusible  body, 
which  may  be  sublimed  in  a glass  tube.  When  heated  in  the  air  it  burns  with  a 
greenish-blue  flame,  emitting  thick  white  fumes  of  tcllnrows  aiiliydridc,  Te02. 
It  is  insoluble  in  HCl,  but  dissolves  readily  in  NO2II0,  forming  Te02,  a white 
substance  which  fuses  to  a yellow  fluid,  at  a gentle  beat,  and  volatilizes  on 
stronger  ignition  in  the  air.  TcUurous  anhydride  dissolves  barely  in  water,  and 
the  solution  does  not  redden  litmus  ; readily  in  HCl,  less  so  in  NO2H0.  It  also 
dissolves  freely  in  j)otash,  or  soda,  slowly  in  ammonia,  forming  alkaline  tellurites. 
On  dilution  with  water,  white  tellurous  hydrate,  TeOHo2,  is  precipitated  from 
an  acid  solution.  A nitric  acid  solution  slowly  dcjiosits  crystalline  tellurous 
anhydride,  even  without  the  addition  of  water. 

Tellurium  forms  several  oxides,  chlorides,  sulphides,  etc.,  in  which  the  metal 


is  a dyad,  tetrad,  or  hexad  ; thus : — 

Oxides. 

Tellurous  oxide  (anhydride)  . . . . 

„ acid 

Telluric  oxide  (anhydride)  ...... 

„ acid 

Tei'^Oa. 

TeOHo2. 

TeviOg. 

Te02Ho2. 

Chlorides. 

Sulphides. 

Tellurous,  or  dichloride 

Telluric,  or  tetrachloride  

t ^ 

. . . . TeCl4. 

TeSo. 

TeSj. 

It  also  forms  with  hydrogen  a gaseous  compound  {telluriettcd  hydrogen  or 
hifdroteUuric  acid),  Te"H2  (tellurino,  analogous  with  sulphino,  SH2,  selurine, 
S0IT2). 
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BotL  the  di-  and  ter-oxides  are  caijable  of  forming  with  metallic  bases  salts 
called  tellurites  and  tellurates.  The  alkaline  and  alkaline  earthy  tellurites — 
formed  by  fusing  tellurous  acid  with  the  carbonates  of  these  metals— are  all 
more  or  less  soluWe  in  water ; all  others  obtained:  by  double  decomposition  are 
insoluble.  The  tellurates  of  the  alkali  metals,  prepared  in  like  manner,  are  also 
soluble  in  water ; the  others  are  insoluble.  They  can  be  prepared  by.  double 
decomposition. 

The  sulphides  of  tliis  metal  act  as  sulpho-acids,  forming  with  the  alkaline  sul- 
phides, sulpha-tellurites  and  tellurates. 

EEACTIONS  IN  THE  DET  WAT. 

When  tellurites,  or  tellm-ates,  are  heated  with  charcoal  and  COK02,  they  are 
reduced  to  potasslc  tellurlcle,  Te"Ko,  which  produces  a black  stain  on  a moist 
silver  plate,  and  is  soluble  in  water,  forming  a dark-red  solution.  When  HOI  is 
added  to  this  solution  liyilrotclluric  acRl  gas,  Te"H2,  is  evolved,  resembling 
SH2  in  smell,  and  soluble  in  water,  to  a pale-red  solution,  which  is  decomposed  in 
contact  with  air,  with  deposition  of  metallic  tellurium. 

AU  compounds  of  tellurium  are  readily  reduced  on  charcoal  in  the  inner 
flame.  The  reduced  metal  is  volatilized  and  forms  a white  scarcely  visible  deposit 
of  tellurous  anhydride  on  the  charcoal.  Stannous  chloride  colours  it  blhck,  owing 
to  the  separation  of  metallic  tellurium. 

With  borax  or  microcosmic  salt  a clear  colourless  bead  is  obtained,  which  when 
heated  on  charcoal,  is  rendered  grey  and  opaque,  owing  to  reduced  metal. 

EBACTIONS  IN  THE  WET  WAT. 

A.  TELLURIC  COMPOUNRS.— Use  A SOLUTION  OE  POTASSIC  TeL- 
lUEATE,  Te02Ko2  (obtained  by  fusing  potassic  tellm-ite  with  nitre) . 

HCl  does  not  decompose  tellurates  in  the  cold,  but  on  boiling  the  solution 
chlorine  is  evolved,  and  on  dilution  with  water  tellm’ous  acid,  Te.OHo2,  is 
precipitated,  soluble  only  in  a considerable  excess  of  HCl.  (Distinction 
OE  TeOs  EEOM  Te02.) 

B.  TELLUROUS  COMPOUISDS.— USE  A SOLUTION  OF  POTASSIC  TeL- 
LUEITE,  TeOKo2. 

HCl  decomposes  this  solution  and  precipitates  white  tellurous  acid.  Tel- 
lurium resembles  in  this  respect  Sb  and  Bi  compounds. 

SH2  precipitates  from  acid  solutions  brown  tellurous  sulphide,  TeS2, 
resembling  in  colour  SnS,  and  very  freely  soluble  in  ammonic  sulphide. 

Reducing  agents,  e.g.,  SONao2,  SUCI2,  metallic  zinc  and  HCl,  a solution 
of  sulphurous  acid,  etc.,  reduce  tellurium  compounds  and  precipitate  black 
metallic  tellurium,  which  is  insoluble  in  an  aqueous  solution  of  potassic 
cyanide. 

4.  SELENIUM,  Se",  and  ri.  Atomic  weight,  79. — Found  native,  also 
as  SELENIDE8  of  Cu,  Pb,  Hg,  Ag,  Fe,  etc.  It  is  occasionally  found  in  the  flue-dust 
of  roMting  furnaces,  and  as  a seleniferous  deposit  in  the  lead  chambers  of  sul- 
phuric acid  works,  where  the  acid  is  manufactured  from  seleniferous  pyrites. 

It  resembles  the  non-metallic  element,  sulphur,  in  many  respects,  e.g.,  in 
exhibiting  like  allotropic  changes  ; in  others  the  metal  tellurium.  It  is  a brittle 
dark-brown  substance,  fuses  at  200°  C.,  and  vaporizes  at  about  700°  C.,  and  may 
be  sublimed.  Heated  in  air  it  bums  with  a bluish  flame  and  forms  selcnhms 
anhydride,  Se02,  whilst  at  the  same  time  a disagreeable  odour  of  decaying 
horse-raddish  is  given  off.  The  same  oxide  is  formed  when  selenium  is  dissolved 
in  nitric  acid,  or  aqua  regia.  Selenatos  containing  selciilc  anliydrldc,  SeOs, 
are  formed  by  heating  selenium,  or  its  compounds,  with  carbonates  and  nitrates 
of  the  alkalies.  These  oxides  form  two  series  of  salts,  viz.,  selenites  and  selenates. 
The  selenites  are  the  more  stable  of  the  two. 

Q 2 
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EEACTIONS  IN  THE  DET  WAT. 

Selenium  compounds  are  reduced,  when  heated  with  CONaoo,  on  charcoal,  in 
the  inner  blowpipe  flame,  and  may  be  readily  recognized  by  the  characteristic 
smell  of  borse-raddish  which  they  give  off.  If  the  saline  residue,  which  contains 
sodic  selenide,  SeNao,  be  placed  on  a bright  silver  coin  and  moistened  with  a drop 
of  water,  a black  stain  is  produced  on  the  silver.  Treated  with  dilute  HCl,  it 
evolves  gaseous  liyilrosclcntc  acid  (selenietted  hydrogen)  (selurine),  SeHo, 
analogous  in  composition  and  properties  to  sidphuretted  hydrogen.  It  is  an  in- 
flammable, fffitid,  poisonous  gas,  very  soluble  in  water.  The  aqueous  solution  of 
Sello  gradually  deposits  selenium  on  exposure  to  ah ; it  precipitates  selenides 
from  solutions  of  many  metallic  salts. 

EEACTIONS  IN  THE  WET  WAY. 

A.  SEliENlC  COJli'OUlvns. — Use  a solution  op  Potassic  Selenate, 

SeOjKoj. 

iSelenates  are  stable  salts,  closely  resembling  the  sulphates.  They  are  soluble 
in  water  with  the  exception  of  the  barium,  strontium,  calcium,  aud  load  salts, 
which  arc  insoluble  in  water  and  in  dilute  acids. 

HCl  decomposes  selonates,  on  boiling ; chlorine  is  evolved,  and  the  salt  is 
reduced  to  a selenite.  (Distinction  piiom  Se02.). 

SJI2  does  not  produce  a prcci])ilate,  till  the  selenate  has  been  reduced  to 
selenite,  by  boiling  with  IICI. 

BaCl2  produces  a white  preci])itato  of  Iiaric  sclcnntc,  SeOoBao",  insoluble 
in  water  and  in  dilute  acids  ; decomposed  by  boihng  HCl. 

11.  KKIjENIOUS  COMI*OUi\'»S. — Use  a solution  op  an  Alkaline 
Selenite. 

The  normal  alkaline  sclenites  are  soluble  in  water,  most  others  arc  insoluble ; 
all  acid  selcnitos  are  soluble.  HCl  dissolves  but  does  not  decompose  selonites. 

SII2  produces  from  an  acid  solution  of  a selenite,  a lemon-yellow  precipitate 
of  scleuUiuH  Niiliilililc,  8082  (P),  which  almost  iinmocliately  breaks  up 
into  its  component  elements  Se  -(-  S2,  but  is  readily  soluble  in  ammonic 
Buli)hide. 

BaCl2  gives  a while  precipitate  of  baric  selenite,  SeOBao",  soluble  in  dilute 
HCl,  or  NO2II0. 

Itediiriii;?  apciits,  such  as  SOj,  alkaline  sulphites,  SnCh,  metallic  Zn,  and 
Fe,  precipitate  from  acidulated  (HCl)  solutions  metallic  selenium,  as  a 
red  powder,  which  turns  grey  at  a high  temperature  and  is  soluble  in  KCy 
solution.  (SO2F00"  is  without  action.)  Metallic  copper  is  immediately 
coated  black  when  placed  in  a warm  solution  containing  hydrochloric  acid, 
and  on  standing,  the  solution  turns  light  red,  from  se^iaratiou  of  metallic 
selenium. 


Group  I comprises  the  Rare  Metals  precipitable  by  HCl,  viz., 
the  metal  Tungsten,  or  Wolfram,  which  is  precipitated  as  tungstic 
acid,  WO2H02,  and  Thallium  precipitated  as  thallious  chloride,  TlCl. 
Several  other  metals  already  treated  of  in  Group  III  beside.s 
Thallium,  viz.,  Niobium,  Tantalum,  Molybdenum,  are  likewise  pre- 
cipitated, but  the  precipitated  acids  (Nb02lIo,  TaOjHo  and 
M0O2H0)  dissolve  again  in  an  excess  of  hydrochloric  acid. 

1.  TUNCSTEN,  or  WOEFUAM,  W*''  and  Atomic  weight,  184. — Tin's 
lU'ital  occurs  in  nature  as  toroxide  in  the  fonu  of  tungstates,  in  combination  with 
tin  bases  CaO,  FeO,  MnO,  in  the  minerals  wolfram,  WO3  [Feo"  Mno"J  and 
■WO.jCao",  scheelite,  &c. 

The  metal  can  be  obtained  by  intensely  heating  the  oxide  in  n current  of 
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hydrogen.  It  forms  an  iron-grey  powder,  very  difficultly  fusible,  and  becomes 
again  oxidized  to  tungstic  anhydride,  WO3,  when  heated  in  air.  Dry  chlorine  gas 
converts  it  into  dark  violet,  WClj,  which  sublimes,  and  a more  volatile  red  com- 
pound, WCI4.  Both  chlorides  are  decomposed  by  water  into  the  corresponding 
hydrates,  with  formation  of  HCl.  The  metal  is  insoluble,  or  scarcely  soluble,  in 
acids,  even  in  aqua  regia. 

The  following  are  some  of  the  more  important  compounds^  which  tungsten 
forms  with  oxygen,  chlorine,  and  sulphur. 

Oxides.  Chlorides.  Sulphides. 

Tungstic  anhydride  (lemon-yellow)....  W''*03. 

Tungstic  dioxide  (brownish-black)  ....  'W''*02. 

Intermediate  (blue-coloured)  oxidte  ....  W2O5. 

= Ww0.2,Wvl03 

Tungstic  anhydride  can  be  prepared  from  toolfram  or  tungsten,  by  digesting 
the  finely  divided  mineral  in  aqua  regia,  till  it  is  completely  decomposed,  and 
evaporating  to  dryness  on  a water-bath.  The  metallic  chlorides  are  dissolved  out 
with  acidulated  water,  and.  the  residue,  which  contains  a Little  silica  and  some- 
times niobic  acid,  washed  with  alcohol  and  treated  with  ammonia.  Tungstic  acid 
is  dissolved,  and  silicic  and  niobic  acids  are  left  behind.  From  the  r.mmonia  salt, 
pure  anhydride  is  obtained  by  the  evaporation  of  the  filtrate  and  ignition. 

BEACTIONS  IN  THE  DET  WAX. 

Wlien  heated  on  charcoal  in  the  reducing  flame;  together  with  COHa02  and 
KCy,  tungstic  anhydride  is  reduced  to  a black  powdei’,.  containing  metallic 
tungsten.  Heated  with  microcosmic  salt,  tungsten  compounds  give  a colourless 
bead  in  the  outer  flame  ; in  the  inner  flame  a bike  bead,  wliich  on  the  addition 
of  a httle  S02Feo"  changes  to  lilood-red.  The  addition  of  tin  changes  the  red 
bead  to  blue  or  green. 


W'iClg.. 
■W'^Clj. 

WC13. 

= WCL.WCL, 


WviSo 


EEAOTIONS  IN  THE  WET  WAX. 

A SOLUTION  OF  SoDic  Tungstate,  W0.3Hao2,  may  be  used. 

The  alkaline  tungstates  are  soluble  in  water,  all  others  are  insoluble,  and  can 
be  obtained  by  double  decomposition. 

.'Hiiieral  aciil.s  (HCl,  NO2H0,  or  SO2H02)  preeipitate  wMfe  tungstic  acid, 
WO2H02.  It  turns  yellow  on  boiling,  and  is  quite  insoluble  in  excess  of  the  acids. 
(Distinction  feom  J!Io03.)  Non-volatile  acids  (e.g.,.  phosphoric,  tartaric)  pre- 
cipitate it  likewise,  but  the  precipitate  is  soluble  in  excess.  It  is  also  readily 
soluble  in  AmHo. 

SH2  produces  no  precipitate  from  an  acid,  solution,  but  reduces  the  tungstic 
acid  to  the  blue  oxide,  'W20t. 

SAm2  produces  no  precipitate-  from  alkaline  tungstates,  but  on  acidulating 
with  HCl,  light  brown  tungstic  tcrsulpliidc,  WiSj,  is  precipitated, 
slightly  soluble  in  pure  water,  but  insoluble  in  the  presence  of  salts.  The 
solution  is  coloured  blue.  The  precipitated  sidphide  dissolves  rcadUy  in 
ammonic  sulphide. 

SnCl2  gives  at  first  a yellow  precipitate  ; on  acidulating  with  HCl  and  apply- 
ing heat,  the  precipitate  acquires  a beautiful  blue  colour.  This  reaction 
is  very  delicate  and  highly  characteristic. 
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REAGENTS. 

SOLVENTS. 

Ili>stniccl  'Wa.tei'.* — Obtained  by  condensing  steam  by  means  of  a tin  ■worm. 
The  firet  portions  of  tlio  condensed  water  usually  contain  carbonic  anhydride  and 
animonic  carbonate,  and  should  be  rejected. 

Impurities. — When  evaporated  in  a platinum  vessel,  distilled  water  should 
tiot  leave  a solid  residue,  either  organic  or  mineral.  Ammonic  sulphide  ought 
not  to  give  a precipitate  (Cu,  Pb,  Ee),  neither  ought  basic  plumbic  acetate  to 
cause  a turbidity  (CO.j,  COAmon).  No  turbidity  or  precipitate  should  be  pro- 
duced, moreover,  on  tlio  addition  of  amnionic  oxalate  (lime),  baric  chloride  (sul- 
phates), or  argentic  nitrate  (chlorides).  Pure  distilled  water  is  colourless, 
inodoroiLS,  and  tasteless. 

Water  used  for  Nesslor’s  test  should  bo  specially  distilled  in  a glass  retort 
with  a few  jiieces  of  caustic  potash,  and  the  distillate  rejected  as  long  as  the 
Ncssler  solution  indicates  any  traces  of  ammonia. 

Alcohol  (I’llclliyliitcil  .Spirit),  CjITjIIo  or  EtHo. — Ordinary  methylated 
spirit  (t.e.,  ethylic  alcohol,  90  p.  c.,  mixed  with  10  p.  c.  of  wood  spirit  or  methylic 
alcohol)  may  bo  employed  for  most  jjurposcs.  It  can  be  rendered  absolute  by 
shaking  with  well  dried  potassic  carbonate  and  distilling  the  clear  spirit  in  a dask 
or  retort  from  a water-bath. 

Impurities . — Commercial  methylated  spiiit  frequently  leaves  a residue  on 
evaporation,  if  so,  it  should  bo  rectified  by  distillation,  it  should  be  -without 
action  ujjon  litmus  papers. 

Eilier,  OEtj. — The  ordinary  ether  (methylated,  i.e.,  prepared  from  methy- 
lated alcohol)  of  oommerce,  is  pure  enough. 

ACIDS. 

Nulpliiiric  Aclil,*  SOoTToj. — Common  oil  of  vitriol  may  be  used  in  nil 
operations  with  which  its  usual  impurities  (lead,  arsenic,  iron,  lime,  nitric  acid)  do 
not  interfere.  Suljjhnric  acid,  free  fi-om  arsenic,  should  be  employed  for  genera- 
ting arsenietted  or  antimonietted  hydrogen,  and  an  acid  free  from  lead,  whenever 
this  metal  has  to  be  preeiijitated  as  sulphate.  Sulphuric  acid,  free  from  nitric 
acid  and  nitric  peroxide,  ought  to  be  employed  in  testing  for  nitric  acid  by  means 
of  ferrous  sulphate. 

Impurities. — Pure  sulphuric  acid  is  colourless,  and  leaves  no  residue  on  evnpo- 
I’ation  in  a porcelain  dish.  When  a solution  of  ferrous  sulphate  is  poured  upon  it 
ill  a narrow  test-tube,  it  should  not  foi'm  a brown  ring  where  the  two  liquids 
come  in  contact  (nitric  acid  and  nitric  peroxide),  nor  strike  a blue  colour  when  a 
highly  diluted  solution  of  the  acid  is  added  to  a solution  of  pure  potassic  iodide 
and  starch  jiaste  (nitric  peroxide) . The  jjresenco  of  arsenic  is  best  ascertained 
by  passing  a current  of  sulphuretted  hydrogen  through  the  dilute  acid,  or  by 
generating  hydi’ogen  from  zinc  free  from  arsenic,  and  passing  the  gas  through  an 
ignited  combustion  tube  (Marsh’s  test,  Fig.  13).  Plumbic  suliihate  is  frequently 
found  in  sulphuric  acid,  and  is  precipitated  on  diluting  with  water,  being  less 


* The  asterisk  marks  the  more  important  reagents. 
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soluble  in  dilute  than  in  concentrated  acid.  Hydrochloric  acid  should  cause  no 
turbidity  (lead)  where  the  two  liquids  meet. 

The  pure  acid  can  readily  be  bought  now,  and  the  student  should  not  attempt 
to  purify  the  crude  acid. 

Dilute  Suliihurlc  Add.* — Prepared  by  pouring  slowly  one  part  by 
measure  of  the  concentrated  acid  (sp.  gr.  1'8)  into  five  parts  by  measure  of  dis- 
tilled water,  with  continuous  stirring.  Thin  glass  vessels  (beakers)  or  a porce- 
lain dish  should  be  employed,  as  much  heat  is  evolved.  Allow  the  plumbic 
sulphate  to  subside,  and  decant  or  syphon  off  the  clear  liquid. 

Nitric  Acid,*  Aqua  fort  is,  NOjHo. — Should  be  colourless,  and  leave  no 
residue  on  evaporation  in  a glass  dish. 

Impurities. — Sulphuric  and  hydrochloric  acids.  Dilute  considerably,  and 
test  portions  with  baric  nitrate  and  argentic  nitrate. 

Dilute  Nitric  Acid.* — -Prepared  by  diluting  one  part  of  pure  commercial 
acid  (sp.  gr.  1'38  to  1‘45)  with  three  parts  of  distilled  water. 

Crude  Nitric  Acid.* — May  be  employed  for  all  experiments  in  which  the 
above  impurities  do  not  interfere,  e.g.,  in  the  preparation  of  N2O2  or  N2O3  by 
the  action  of  nitric  acid  upon  copper  or  arsenious  anhydride. 

Concentrated  Hydrochloric  Acid,*  Muriatic  Acid,  HCl. — Should  be 
colourless,  and  leave  no  residue  on  evaporation. 

Impurities. — Ferric  chloride,  sulphurous  and  sulphuric  acids,  arsenic.  The 
acid  should  not  impart  a blue  colour  to  a solution  of  KI  and  starch  paste  (Cl  or 
i’eoCl,;) . — On  adchng  a few  drops  of  a solution  containing  iodide  of  starch,  the 
blue  colour  should  not  be  destroyed  (SO2) . The  dilute  acid  should  remain  clear 
on  the  addition  of  a solution  of  baric  chloride  (SO-2Ho2).  Sulphuretted  hydro- 
gen, when  passed  through  the  dilute  acid  should  not  produce  a preci]pitatc 
(arsenic),  nor  should  amnionic  sulphocyanate  redden  the  diluted  acid  (iron). 

Dilute  Hydrochloric  Acid.* — Pure  commercial  acid,  sp.  gr.  1T6,  is  diluted 
with  three  times  its  bulk  of  distilled  water. 

Crude  Hydrochloric  Acid.* — Should  bo  employed  whenever  the  impuri- 
ties which  it  contains  do  not  interfere  with  the  object  in  view,  as  for  instance  in 
the  preparation  of  chlorine  from  manganic  dioxide. 

Aqua  Regia  or  Nitrohydrochloric  Acid. — Prepared,  when  required 
only,  by  mixing  one  part  of  concentrated  nitric  acid  with  three  to  four  parts  of 
hydrochloric  acid. 

Sulphurous  Acid,  SOHo2- — Prepared  by  acting  with  concentrated  sul- 
phuric acid  upon  copper,  and  passing  the  gas  into  water.  The  solution  should 
be  kept  in  a weU-stoppered  bottle. 

Carbonic  Acid  Water. — A solution  is  prepared  by  acting  with  hydro- 
chloric acid  upon  marble,  and  passing  the  evolved  carbonic  anhydride  into 
water. 

Chlorine  Water. — A solution  of  chlorine  in  water  is  readily  prepared.  It 
should  be  kept  in  a well-stoppered  bottle,  and  in  a dark  place,  since  on  exposure 
to  light,  it  is  speedily  converted  into  HCl  with  evolution  of  oxygen. 

r ciT 

Acetic  Acid,*  "I  QQ2o.  commercial  acid  of  sp.  gr.  104,  diluted  with 

one  part  of  water  may  be  used.  It  should  leave  no  residue  on  evaporation. 

Impurities. — Sulphuric  and  hydrochloric  acids,  lead,  cojipor,  iron,  lime. 

Tartaric  Acid,  TH02. — A solution  is  prepared  when  required  only,  as  the 
acid  undergoes  decomposition  in  an  aqueous  solution.  One  part  by  weight  of 
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commercial  tartaric  acid  of  sufficient  purity  is  dissolved  in  three  parts  of  ■water 
(i.e.,  1 grm.  in  3 c.c.  of  water). 

Imptirities. — Tartaric  acid  contains  sometimes  gypsum  and  calcic  tartrate, 
wliich  are  best  tested  for  by  igniting  a few  crystals  on  platinum,  extracting  the 
residue,  if  any,  with  a few  drops  of  dilute  HCl,  and  adding  to  one  portion  BaCD, 

to  another  AmHo,  and  | 

Oxalic  Acid,  The  commercial  acid  is  sufficiently  pure.  It  should 

not  leave  more  than  a trace  of  a residue  on  ignition. 

Impurities. — Iron,  potassic  and  sodic  oxalates,  lime.  Dissolve  one  part  by 

■weight  of  the  crystallized  acid  + 2 aq.,  in  ten  parts  by  measure  of 

water. 

Hydrotiiioric  Acid,  HP. — A solution  stored  up  in  a gutta-percha  bottle  is 
best  bought,  as  its  preparation  involves  expensive  apparatus.  It  sboidd  leave  no 
fixed  residue  on  evaporation  to  dryness. 

llydrofliio.sillcic  Acid,  2HE,SiP4. — A solution  of  this  acid  in  water  is  pre- 
pared ns  described,  p.  131,  It  should  be  made  sufficiently  strong  to  precipitate 
a soluble  baric  salt  readily. 

Impurities. — Owing  to  the  mode  of  preparation  the  acid  is  often  contaminated 
with  suljihuric  acid.  It  should  not  produce  a precipitate  in  a solution  of  a strontic 
salt  (SOjHoj). 

Ilydrn.siil|iliiirlc  Acid,  SITn. — Prepared  when  required.  In  well  appointed 
laboratories  sulphuretted  hydrogen  is  now  usually  stored  in  a gasliolder  over  oil, 
and  supplied  like  coal  gas  from  small  taps,  in  closets,  connected  ■with  the  chimney. 
The  gas,  whether  obtained,  from  a constant  generating  apparatus,  or  from  a gas- 
holder, should  invariably  be  passed  through  a wash-bottle  containing  water.  A 
saturated  solution  of  sulphurett('d  hydrogen  in  water  answers  most  purposes  of 
the  analyst.  It  should  be  kept  in  a well-8top]3cred  bottle,  since  sulphuretted 
hydrogen  decomposes  rapidly  when  in  contact  with  air  with  formation  of  sulphur 
acids  and  precipitation  of  white  sulphur. 

If  the  gas  be  required  entirely  free  from  ASIJ3,  it  should  bo  generated  by 
acting  with  ])uro  HCl  (concentrated)  upon  native  grey  antimony,  StojSs. 


BASES  AND  METALS. 

I'otaNHlc  llyilratc,*  KHo,  or  Snilic  Hyrtratc,  NaHo. — Usually  obtained 
in  commerce  in  the  form  of  sticks  or  lumps,  which  may  be  dissolved  in  twenty 
parts  of  water. 

Impurities. — Silica,  alumina,  phosphoric,  sulphuric,  and  hydrochloric  acids 
(sulphates  and  chlorides,  often  in  not  inconsiderable  quantities),  and  carbonic 
acid.  On  dissolving  in  water,  and  allowing  the  suspended  matter  to  subside,  the 
clear  solution  may  be  syphoned  offi 

Pure  sodic  hydrate  is  indispensable  for  the  separation  of  alumina  from  the 
oxides  of  iron  and  chromium. 

Amnionic  Hyrtratc,*  AmHo. — The  liquor  ammonim  of  commerce,  sp.  gr. 
•88,  is  diluted  with  distilled  water  till  the  liquid  has  a sp.  gr.  of  ‘96  = 10  per 
cent,  of  NH3. 

Impurities. — A solution  of  ammonia  should  be  colourless  ; on  neutralizing 
with  pure  HCl  it  should  remain  inodorous.  When  evaporated  in  a glass  or 
platinum  dish,  it  should  not  leave  any  residue.  Ammonia  contains  frequeni  ly 
traces  of  sulphuric  and  hydrochloric  acids,  and  sometimes  not  inconsiderable 
(juantities  of  ammonic  carbonate,  when  it  produces  a white  precipitate  on  the 
addition  of  lime  water. 
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Baric  Hydrate,*  BaIIo2. — Obtained  by  dissolring  in  a stoppered  bottle  one 
part  of  crystallized  baric  hydrate,  BaHo2  + 8aq.  in  twenty  parts  of  water.  Allow 
to  subside  and  syphon  o£E  into  another  well-stoppered  bottle. 

Impurities. — The  solution  commonly  called  baryta-mater  should,  on  precipi- 
tating with  pure  SO2H02,  give  a filtrate  which  leaves  no  fixed  residue  on  evapo- 
rating to  dryness  in  a platinum  vessel. 

Calcic  Hydrate,*  Calloo. — Freshly  slaked  lime  in  powder  is  used  in  qualita- 
tive analysis,  as  well  as  a solution  of  lime,  so  called  lime-toater.  This  is  prepared 
by  dissolving  in  cold  distilled  water  some  freshly  slaked  lime,  allowing  to  subside 
in  a stoppered  bottle,  and  syphoning  off  the  clear  liquid  into  another  bottle.  Lime- 
water  contains  about  one  part  of  lime  dissolved  in  600  of  water. 

Amnionic  SiiliiJilde,*  SAm^. — Prepared  by  saturating  three  parts  of 
ammonic  hydi-ate  witli  sulphui’etted  hydrogen  gas,  whereby  SHAm  is  formed. 
On  diluting  this  solution  of  hydric  ammonic  sulphide  with  two  parts  of  ammonic 
hydrate,  a sulphide  is  obtained  which  contains  a little  free  ammonia.  The  con- 
centrated solution  may  be  diluted  with  ten  times  its  bulk  of  water.  It  should  be 
kept  in  well-stoppered  bottles.  Calcic  or  magnesic  salts  should  not  be  precipi- 
tated : nor  should  the  solution  leave  a residue  on  evaporation  and  ignitio'n.  The 
oxygen  of  the  air  decomposes  it  gradually  into  NH3,  QH2  and  yellow  SS  Am2. 

Yellow  Ammonic  Siilitlilcle,  SSAm2. — Used  for  the  solution  and  con- 
version of  SnS  into  SnSj.  It  may  be  prepared  by  digesting  the  neutral  SAm2 
with  flowers  of  sulphur  and  filtering  the  liquid. 

Soillc  Suliihldc,  SNa2. — Prepared  by  saturating  one  portion  of  a solution 
of  sodic  hydrate  with  sulphuretted  hydrogen,  and  adding  to  it  the  second  portion. 
A little  ferrous  sulphide,  which  is  generally  precipitatedi,.is  filtered  off.  The 
solution  must  be  kept  in  a well-stopj>ered  bottle. 

SALTS. 

Potasslc  Sulphate,  S02Ko2- — Dissolve  one  part  of  the  commercial  salt  in 
twelve  parts  of  water. 

Potasslc  Iodide,  KI. — The  commercial  salt  is  generally  sufficiently  pure. 
Dissolve  in  sixty  parts  of  water.  Pure  KI  should  be  free  from  iodate  and 
carbonate.  It  should  not  colour  starch  paste  blue  on  the  addition^of  dilute 
SO2H02. 

Potasslc  Nitrite,  NOKO. — Dissolve  one  part  of  the  eommercial  salt  in  two 
parts  of  water,  when  required  for  use. 

Potasslc  Chromate,  Cr02Koo. — Dissolve  the  salt  of  commerce-in  ten  parts 
of  water. 

Impurities. — Sulphuric  acid.  The  solution  ought  not  to  become-  turbid  on 
the  addition  of  dilute  HCl  and  BaOl2. 

Dipntasslc  nicliroinate,.  Cr205Ko2. — -Purify  the  commercial  salt  by  re- 
crystallization  till  it  is  free  from  SO2K02,  and  dissolve  one  part  in  ten  of  water. 

Potasslc  Bctantlinonate,  Sb02Ko  -f  5 aq. — Prepared  by  deflagrating  in 
a Hessian  crucible  one  part  of  finely  jiowdered  antimony  with  four  parts  of  salt- 
petre. Pour  the  fused  mass  On  a stone  slab.  Powder  it,  and  boil  with  twelve 
parts  of  water  for  two  or  three  hours,  and  filter,  when  a clear  and  neutral  solution 
is  obtained.  KCl  and  AmCl  should  not  precipitate  it. 

Potasslc  Fcrrocyanlile,*  K4FeCy8,and  Ferrlcyanlile,  KoFe.2Cyi2. — These 
salta  can  be  purchased  in  a state  of  sufficient  purity.  They  are  dissolved,  in 
Binull  (^uuntitics  at  a timo^  in  twclvo  parts  of  water. 

Potasslc  Muliihocyanatc,  CyKs,  or  Ammonic  Siilithocyaiiatc,  CyAras. 
— Dissolve  in  ten  parts  of  water. 
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Impurities,  such  as  SO-jHoo)  do  not  interfere  with  the  reactions. 

Sodlc  Carlioiiatc,*  CONao2. — Procure  the  pure  salt,  which  should  be  free 
from  siAphate  and  chloride.  The  solution  should  not  give  a precipitate  after 
conversion  into  a nitrate,  when  treated  with  concentrated  NOoHo  and  Mo02Amo2, 
and  should  not  leave  a residue,  insoluble  in  water,  on  acidulating  with  pure  HCl 
and  evaporating  to  dryness  (Si02) . 

Dissolve  the  dry  salt  in  five  parts  of  water. 

Hyilric  Ul.sodic  Pliospliatc,'**'  POB[oNao2  + 12  aq. — Eiccrystallize  the  com- 
mercial salt  and  dissolve  one  part  of  pure  salt  in  ten  parts  of  water. 

Impurities. — Sulphate  and  chloride. — Ammonic  hydrate  should  not  cause 
any  turbidity  on  warming  (alkaline  earthy  phosphates). 

f CTT 

Sodlc  Acetate,  + 6 aq. — The  commercial  salt  generally  contains 

sodlc  8ulj)hate.  If  a pure  salt  cannot  be  procured,  sodic  acetate  may  be  prepared 
by  neutralizing  pure  sodic  carbonate  with  jmre  acetic  acid.  Dissolve  tlie  salt  in 
ten  parts  of  water. 


SimIIc  Acetate  and  Acetic  Acid. — Dissolve  20  grms.  of  pure  crystal- 

f Cll.  . 

lized  •(  in  160  c.c.  of  water,  and  add  40  c.c.  of  concentrated 

f Cll. 

1 coilo’  ®ointion  is  used  for  the  precipitation  of  ferric,  aluminio,  and 

cliromic  phosjjhates. 

llydrlc  Sodlc  Siil|tliltc,  SSIIoNao. — Dissolve  one  part  of  the  salt  in  five 
parts  of  water,  llydric  amnionic  sulphite  may  frequently  bo  used  with  greater 
advantage. 


ScHllc  IlypoNiiliililtc,  SSONaoo-t-  5 aq. — Ecadily  procurable  in  a pure  state. 
Dissolve  one  part  of  the  salt  in  forty  parts  of  water. 

Sodlc  llypoclilorltc,  ClNao. — Prepared  by  shaking  up  one  jiart  of  bleach- 
ing powder  with  ton  parts  of  water,  and  adding  a saturated  solution  of  commer- 
cial sodic  carbonate  as  long  us  a precipitate  is  produced.  Allow  to  subside,  and 
syphon  olf. 

Aiiiiiioiilc  0.\alatc,*  QOAmo — I’nrify  the  commercial  salt  by  re- 

cryst.allization  and  dissolve  one  part  in  twenty-four  parts  of  water. 

Impurities. — Tlie  saltsliould  leave  no  fixed  residue  on  ignition.  Sulphuretted 
hydrogen  or  ammonic  sulphide  ought  not  to  produce  a turbidity  or  a precipitate. 

Aiiinioiilc  Carlionatc,*  COAmoo. — Prepared  bydissohdng  one  part  of  the 
commercial  sesquicarbonate,  after  scraping  off  from  the  lumps  any  foreign  matter, 
in  four  parts  of  water  and  adding  one  part  of  strong  ammonia  solution.  If  a 
precipitate  of  ferric  hydrate  be  thrown  down,  it  is  allowed  to  subside,  and  the 
clear  solution  is  syphoned  off. 

Impurities. — Iron,  lead,  sulphuric  and  hydrochloric  acids,  'l.'he  salt  should 
volatilize  completely  and  give  no  precipitate  with  baric  chloride,  or  argentic  nitrate 
(after  acidulating  with  hydrochloric  or  nitric  acid  respectively),  also  no  precipi- 
tate with  sulphuretted  hydi-ogen  or  ammonic  sulphide. 

llyilric  Ainiiiunic  Carlmnatc,  COHoAmo. — Obtained  in  colourless 
rhombic  prisms,  on  passing  carbonic  anhydride  to  supersaturation  into  a 
concentrated  solution  of  ammonia.  The  salt  is  employed  for  the  separation  of 
AS2S3  from  SbjSs  and  SnSj.  A saturated  solution  is  prepared  when  required. 

Amnionic  ClilorlUc,*  AmCl. — The  commercial  salt  (sal-ammoniac)  usually 
contains  iron.  Purify  by  adding  to  the  solution  a little  ammonic  hydrate. 
Allow  the  ferric  hydrate  to  subside  and  neutralize  the  alkaline  filtnite  exactly 
with  pure  HCl.  'J.’ho  salt  should  leave  no  fixed  residue  on  ignition.  Dissolve  in 
live  parts  of  water. 
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Animonic  Molybilate,  MoO.jAmoa. — This  salt  may  be  purchased.  It  is 
dissolved  in  strong  ammonia  and  allowed  to  stand  for  some  time.  A slight  yellow 
precipitate  containing  ferric  hydrate,  usually  subsides.  The  clear  fluid  is  poured 
into  concentrated  nitric  acid  as  long  as  the  molybdic  acid  which  at  first  precipi- 
tates is  entirely  redissolved.  The  nitric  acid  solution  should  remain  colourless  on 
boiling.  A yellow'  precipitate  indicates  contamination  with  phosphoric  acid,  and 
the  reagent  should  not  be  used,  till  it  remains  clear  on  digestion. 

Amnionic  Sulpliate,  SOjAmoo. — Recrystallize  the  commercial  salt  from 
an  ammoniacal  solution  in  order  to  separate  iron.  Keep  a saturated  solution  for 
use. 

Amnionic  Nitrate,  NO^Amo. — The  commercial  salt  is  dissolved,  when 
required,  to  a saturated  solution.  It  shoidd  leave  no  residue  when  ignited  on 
platinum. 

Baric  Cliloriile,*  BaCl2  -f-  2 aq.  The  commercial  salt  is  rarely  pure 
enough,  and  not  unfrequently  contains  lead.  It  should  not  give  a precipitate 
with  sulphuretted  hydrogen  or  ammonic  sulphide,  nor  should  a residue  be  left 
after  precipitating  the  whole  of  the  barium  by  pure  sulphuric  acid  and  evapo- 
rating the  filtrate  in  a platinum  dish.  Purify,  if  necessary,  by  passing  a current 
of  sulphiu'etted  hydrogen,  filtering,  and  recrystallizing.  Dissolve  in  ten  parts  of 
w'ater. 


Baric  Nitrate,  N204Bao". — Should  not  bo  precipitated  by  argentic 
nitrate,  as  it  is  sometimes  employed,  instead  of  baric  chloride,  in  order  to  avoid 
introducing  any  chlorine  into  a solution.  Pure  baric  acetate  answers  the  same 
purpose.  For  other  impurities,  test  as  for  baric  chloride.  Dissolve  one  part  in 
15  parts  of  water. 

Baric  Carlioiiate,*  COBao". — Prepared  by  precipitation  of  pure  baric 
chloride  w'ith  ammonic  carbonate  and  AmHo.  Wash  well  till  free  from  AmCl ; 
stir  up  the  precipitated  baric  carbonate  with  water  to  a thick  creamy  con- 
sistency, and  keep  it  for  use  in  a stoppered  bottle.  Shake  up  before  using  this 
reagent. 

Calcic  Chloride,*  CaCl2  + 6 aq. — The  commercial  salt  is  dissolved  in  five 
parts  of  water.  The  solution  should  be  neutral  to  test-papers,  and  should  not  be 
precipitated  by  ammonic  sulphide  (iron). 

Calcic  Sulphate,  S02Cao". — A saturated  solution  is  prepared  hy  repeatedly 
shaking  up  ^psum  (SOHo2Cao'"  -t  aq.)  with  water,  allowing  to  subside,  and 
syphoning  oil  the  clear  liquid. 


Magiiesic  .Sulithatc. — Dissolve  the  commercial  salt  (SOHo2MgO"  -t  6 aq.) 
(recrystaUized,  if  necessary)  in  ten  parts  of  water. 


Magruesla  Mixture. — Dissolve  55  grms.  of  crystallized  MeCU  in  distilled 
water,  add  70  grms.  of  AmCl  and  350  c.c.  of  concentrated  solution  of  ammonic 
hydrate,  and  make  up  to  1 litre. 


Ferrous  Sulphate. — The  commercial  salt  (SOHo2Feo"  + 6 aq.)  is  pure 
enough.  Dissolve  as  required  for  use  in  ten  parts  of  water. 


Ferric  Chloride,*  Pe2Cl5. — Prepared  by  dissolving  freshly  precipitated  and 
well  washed  PejHog  in  pure  HCl,  keeping  the  ferric  hydrate  in  excess.  Allow 
to  cool,  dilute  with  an  equal  bulk  of  water  and  filter. 


I'lumbic 

parts  of  water. 


Acetate,*  ( I ^^•■fjoPbo". 


Dissolve  the  commercial  salt  in  ten 


Arpciitic  Nitrate,*  N02Ago. — Prepared  either  from  silver  (pure),  or  from 
a silver  alloy  (a  silver  eoin),  by  dissolving  in  pure  nitrie  acid,  and  precipitation  as 
AgCl.  Filter  off  the  cupric  salt,  and  wash  thoroughly  with  hot  water  ; transfer 
to  a porcelain  dish,  and  introduce  clean  sti’ips  of  zinc.  Collect  the  finely  divided 
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siItct  on  a filter,  wash  thoroughly  with  hot  water,  acidulated  with  a little  sulphuric 
acid,  and  dissolve  in  dilute  nitric  acid.  Evaporate  the  solution  to  dryness,  and 
luse  the  residue  gently.  Dissolve  in  twenty  parts  of  water. 

Nitrate. — Dissolve  the  crystals  of  the  commercial  salt 

Nol^g^"  + 2aq.,  in  twenty  parts  of  cold  water,  acidulated  with  1'2  parts  of 

nitric  acid.  Keep  some  metallic  mercury  in  the  filtered  solution. 

^ Mercuric  Chloride,  Hg^l^. — Dissolve  the  commercial  corrosive  sublimate 
in  twenty  parts  of  water. 

Ncssicr’.s  ^ioliitioii. — Dissolve  3'5  gnus,  of  KI  in  10  c.c.  of  water ; next 
dissolve  I'G  grm.  of  BCgClj  in  30  c.c.  of  water : add  the  mercury  solution  gradu- 
ally,  and  with  continuous  agitation  to  the  solution  of  potassic  iodide,  until  the 
precipitate  censes  to  be  re-dissolved ; tlien  add  60  c.c.  of  potassic  hydrate  and 
filter.  Keep  in  a small  bottle,  out  of  contact  with  ammonia  fumes. 

Tliis  reagent  is  of  great  value  for  the  detection  of  mere  traces  of  ammonia. 

Cupric  Miilpliatc. — The  commercial  salt  (SOIIo,.Guo"  -f-  4 aq.)  is  purified 
by  repeated  crystallization.  Dissolve  the  crystals  in  ten  parts  of  water. 

Imjmriiies. — Iron,  zinc. 

Cupric  Clilui'ldc,  CuCln. — Prepared  by  dissolving  cupric  oxide  in  HCl. 

Cuprous  Chloride,  'Cu'jCl2. — Obtained  by  digesting  CuCU  with  metallic 
copiier  and  ilCl. 

NIriiiioiis  Chloride,  SnCh.' — Prepared  by  boiling  pure  granulated  tin  in 
concentrated  HCl,  ivith  the  aid  o£  a piece  of"  platinum  foil.  Dilute  with  four 
volumes  of  water,,  acidulated  with  HCl.  Keep  the  filtered  solution  over  granu- 
lated tin  in  a small  stoppered  bottle; 

Auric  Cliloridc,  AuCU. — Prepared  by  dissolving  pure  gold  in  aqua  regia, 
evaponiting  to  dryness  on  a water-bath  and  di.ssolving  in  water. 

Plallnic  Chloride,  PtCl4. — Dissolve  some  platinum,  scraps  in  aqua  regia. 
Precipitate  with  AmCl.  Collect  precipitate  on  a Swedish  filter-paper;  wash 
with  strong  alcohol ; dry  and  ignite  in  a porcelain  crucible,  gently  at  first,  and 
lastly  to  intense  redness,  lledissolvo  the  spongy  platinum  in  aqua  regia.  Evapo- 
)-ato  repeatedly  to  dryness  on  a water-bath,  with  addition  of  HCl.  Dissolve  in 
ten  parts  of  water.  Pure  j)latinic  chloride-  should  dissolve  completely  in  pure 
alcohol. 

METALS  AND  OXIDES. 

Zinc,  free  from  arsenic,  granulated,  and  in  the  form  of  strips  or  sticks. 

Iron  (stepl) , copper,  tin,  lead,  platinum  (used  iji  the  form  of  wire,  bars,  sheet, 
turnings)  and  mercury  can  be  obtained  of  sufticient  purity,  for  the  purposes  of 
qualitative  analysis. 

* Metallic  Lead  free  from  .Silver. — Prepared  by  precipitation  of  plumbic 
acetate  by  metallic  zinc. 

I'liimltiic  nioxlde,  PbD2- — Readily  prepared  by  digesting  red  lend  i)i 
boiling  dilute  nitric  acid.  The  brewn  powder  is  well  washed  by  decantation,  and 
lastly  on  the  filter. 

Maii;?aiilc  Dioxide,  M11O2. — Use  the  powdered  commercial  black  oxide. 

Hydrlc  Peroxide,. O2H2,. or  H02.— A solution  may  be  prepared  by  passing 
a current  of  carbonic  anhydride  through  water  in  which  baric  peroxide  is  sus- 
pended. The  precipitated  baric  carbonate  is  filtered  off.  The  commercial  article 
\i8ually  contains  a little  free  mineral  acid,  such  as  HCl  or  SO2H02,  added  in  oreler 
to  prevent  its  spontaneous  decomposition.  Hydrofluosilicic  acid  is  also  some- 
times met  with,  used  probably  (in  excess)  to  remove  any  soluble  barium  salt. 
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Reagents  used  for  Fusions  and  for  Blov.'pipe  Reactiotis. 

!liMlic  Carbonate,*  CONaoa. — Should  be  free  from  sulphate  and  chloride. 

Fusion  Mixture*  or  Wliltc  Flux. — Consisting  of  dry  CONaOj  and 
COKoj,  mixed  in  the  proportion  of  their  combining  weights,  i.e.,  106  + 138,  or 
in  the  proportion  of  10  to  13. 

Pure  carbonates  free  from  sdica,  chlorides,  and  sulphates,  should  be  pro- 
cured, as  their  pm-ification  cannot  be  effected  without  using  silver  and  platinum 
vessels. 

Black  Fltix. — -Prepared  by  igniting  crystals  of  Rochelle  salt  (potassic  sodic 
tartrate)  in  a platinum  crucible.  Tlie  residue  consists  of  cai’bon  and  alkaline 
carbonates. 

Ilyclric  Ainnionic  Sortie  Phosi»iiate,*  POHoAmoNao  8 aq.  (Micro- 
eosiiiic  .Salt). — The  salt  should  be  dried  and  used  in  the  form  of  a powder, 
On  being  heated  in  a loop  of  platinum  wire  it  is  converted  into  PO^Nao. 

Potas.sic  Cyanirte,*  KCy. — Exceedingly  usefid  for  reducing  metallic  oxides 
and  sulphides,  either  in  the  crucible  or  on  charcoal.  Eor  blowpipe  reactions  a 
mixture  of  equal  parts  of  KCy  and  CONao.2  (or  fusion  mixture),  is  preferable, 
because  it  sinks  readily  into  the  charcoal  and  yields  metallic  globules  of  great 
])urity.  For  the  separation  of  Ni  and  Co  the  salt  is  dissolved,  when  required,  in 
twenty  parts  of  cold  water,  as  its  aqueous  solution  is  rapidly  decomposed. 

Potas.sic  Nitrate,*  NO»Ko. — Used  as  an  oxidizing  agent.  The  commercial 
salt  should  be  purified  by  dissolving  the  crystals  in  hot  water  to  a saturated 
solution,  and  allowing  to  cool  in  a porcelain  dish  with  continuous  stirring.  The 
nitrate  falls  out  first  as  a fine  white  powder,  and  the  impurities,  e.g.,  phosphate, 
sulphate,  or  chloride,  are  left  in  the  mother -liquor. 

Pota.sslc  Chlorate,*  -|^  qKo' — readily  be  obtained  pure,  i.e., 

free  from  chloride.  Either  by  itself,  or  in  conjunction  with  hydrochloric  acid,  it 
serves  as  a powerful  oxidizing  agent. 

Borax,*  B405Nao2  + 10  aq. — The  crystals  should  be  gently  heated  iiT,  a 
platinum  crucible  till  the  water  of  crystallization  has  been  driven  off,  and  the 
mass  kept  powdered  and  ready  for  use  in  blowpipe  reactions. 

Ilyrtric  Potassic  Sulphate,  SO2H0K0. — Prepared  by  heating  in  a plati- 
num dish  87  parts  of  normal  potassic  sulphate  wdth  49  parts  of  pure  sulphuric 
acid,  till  the  clear  mass  fuses  steadily.  Pour  out  on  a porcelain  slab,  and  keep 
the  lumps  in  a bottle. 

Cobaltous  Nitrate,  N.2O4C00".— Used  in  solution  only.  Should  be  free 
from  other  metals.  Dissolve  the  commercial  salt  in  ten  parts  of  water. 

Vegetahle  Colouring  Matters. — Test-papers. 

Litmus  Solution. — Its  preparation  has  been  described  in  the  Introduction  to 
Inorganic  Chemistry,  p.  9. 

Turmeric  Payer . — Prepared  by  digesting  at  a gentle  heat  one  jjart  of  turmeric 
root  with  six  parts  of  alcohol.  Filter  and  soak  strips  of  porous  paper  with  the 
yellow  extract.  The  dried  papers  should  exhibit  a fine  yellow  tint.  Like  litmus- 
{lapers  they  serve  for  the  detection  of  free  alkalies.  AH  test-papers  shoidd  be 
kept  in  well-stoppered  bottles  or  wooden  boxes. 

Indigo  Solution. — Prepared  by  gradually  stirring  four  to  six  parts  fuming 
sulphuric  acid  into  one  part  of  finely  divided  indigo,  and  allowing  the  mixture  to 
stand  for  48  hours,  before  pouring  it  into  20  parts  of  water.  Filter,  and  keep  for 
use  in  a dark  place.  The  solution  of  indigo  is  used  for  detecting  nitric  acid, 
chloric  acid,  and  free  chlorine,  owing  to  the  formation  of  products  of  oxidation  of 
a yellow  eolom’. 
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Sulphides  . . . , . . Alkaline  and  alkaline  earthy  sulphides.  All  other  sulphides  are  decomposed 

(CaS  and  MgS  are  only  sparingly  by  HCl,  with  evolution  of  sA.  or 
soluble.)  by  NO2HD,  or  aqua  regia,  with 

separation  of  sulphur.  (Comp.  p. 
109.) 
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Chromates  . . . . . . | The  chromates  of  the  alkalies,  as  veil  All  chromates  insoluble  in  water  dis-  Ignited  plumbic  chromate. 

I as  of  Sr,  Ca,  Mg,  Zn,  Mn,  Fe'^  Cu  solve  in  acids  (in  concentrated 

are  soluble  in  water.  Most  others  HGl,  with  evolution  of  chlorine, 

are  insoluble.  and  in  concentrated  SO2II02,  with 

liberation  of  oxygen) . 
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APPENDIX  IV. 

(A.)  EXAMINATION  OF  A SIMPLE  SALT. 
Preliwinart  Examination  fob  Base. 


Substance  given : wbite  crystalline,  readily  soluble  in  water, 
reaction  of  solution  alkaline. 


Experiment. 

Observation. 

Inference. 

Heated  some  of  the  pov,-- 
dered  substance  in  a dry 
test-tube. 

Gave  off  water  ; fused  ; 
was  slightly  blackened  ; 
gave  off  CO,  burning 
fritli  a blue  flame. 

Oxalate,  formate. 

Treated  residue  with  water, 
and  filtered.  Tested  with 
litmus  paper. 

The  residue  dissolved  ; 
the  solution  reacted 
strongly  alkaline. 

Added  dilute  HCl. . 

Effervescence,  whilst  be- 
fore ignition  the  sub- 
stance did  not  effervesce. 

Alkaline  oxalate. 

Tested  HCl  extract  on  pla- 
tinum wire  in  a Bunsen’s 
gas  flame. 

Violet  flame 

Potassium. 

Examination  op  Solution  foe  Base. 


Added  HCl. 


Jfo  pp.  Ab- 
sence of 

Added  a solution  of  SH^  to  the  same  solution. 

Group  I. 

No  pp.  Ab- 
sence of 
Group  II. 

To  a freak  portion  of  the  solution  added  AmCl, 
AmHo,  and  SAinj. 

No  pp.  Ab- 
sence of 

To  the  same  solution  added  COAmoo. 

Group  III. 

No  pp.  Ab- 
sence of 
Group  IV. 

The  solution  may  con- 
tain— 

MgO,  OK2,  ONao. 
Tested  a fre.sh  por- 
tion of  solution  8])e- 
C’ally  for  K by  adding 
HCl  and  PtCl.,,  yel- 
low  cri/xlalline  preci- 
pitate. 

Presence  of  K. 

H 2 
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Preliminary  Examination  for  Acid. 


Experiment. 

Observation. 

Inference. 

Treated  a portion  of  the 
])owdered  substance  with 
concentrated  SOoHoj. 

Passed  gases  into  lime- 
water  and  applied  a light 
to  the  unabsorbed  gas. 

CO  and  CO.j  given  off, 
with  slight  blackening 
of  substance. 

White  in-ecipitate  in  lime- 
water  ; gas  burnt  with 
blue  flame. 

From  decomposition  of 
oxalate. 

Examination  of  Solution  for  Acid. 


Acidulated  with 
HCl. 

Acidulated  with 
NO.>Ho. 

Acididated  with  cQpfo 

No  precipitates. 

No  precipitates. 

CaCl.;,  a white  pp. 

S02Cao"  „ 

T,  p f COHo. 

Presence 

Found  1‘otasslc  Oxalate. 

(B.)  EXAMINATION  OF  A COMPOUND  SUBSTANCE. 

Preliminary  Examination  for  Bases. 

Com])ound  given  : a dirty  wliite  powder. 


Observation. 


Inference. 


Experiment. 


Iloatcd  some  of  the  pow- 
dered substance  in  a di’y 
test-tube. 


Heated  a portion  of  the 
substance,  mixed  wth 
CONao2,  in  a bulb-tube. 

Heated  some  of  the  pow- 
dered substance  on  char- 
coal before  the  blowpipe 
flame. 


Substance  fused.  Gave 
heavy  white  fumes, 
which  condensed  in  the 
vipper  ]iart  of  the  tube. 

Gave  off  reddisli-brown 
fumes  and  a gas  which 
supported  combustion. 
The  residue  was  yel- 
lowish, whilst  hot,  dirty 
white,  on  coohng. 

NII3  given  off.  Mirror 
and  metallic  globules. 

Substance  gave  off  heavy 
fumes,  and  was  partly 
reduced  to  the  metallic 
state.  The  metal  was 
malleable  ; the  incrus- 
tation yellow. 

A portion  of  the  ignited 
moss  appeared  strongly 
luminous. 


Compounds  of  Am, 
Hg,  As,  etc. 

From  decomposition  of 
nitrates  of  Pb,  Bi, 
etc. 


Am  and  Hg  com- 
pounds. 

Pb. 


Alkaline  earthy  bases. 
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Examination  of  Solution  for  Bases. 

Substance  dissolved  partly  in  water,  partly  in  HCl  with  evolution 
of  COj.  On  mixing  the  two  solutions,  acicular  crystals  of 
PbCU  fell  out.  Filtered  off.  Confirmed  presence  of  lead  by 
means  of  Cr02Koj  or  SO2H03. 


Passed  a current  of  SHq. 


A black  pp. 

Evaporated  filtrate  to  dryness,  wdth  a few  drops  of  NO2H0. 
Took  up  with  dilute  HCl.  Added  AmCl,  AmHo,  and  SAnio. 

No  pp. 

Absence  of  Group  III. 

To  the  same 

solution  added  COAmoo. 

A white  pp. 

On  evaporating  filtrate  to 
dryness,  and  igniting, 
no  fixed  residue  was 
left. 

Absence  of  Mg,  K,  Na. 

Examination  op  Precipitate  produced  in  Group  II. 


Washed  precipitate  till  free  from  HCl,  and  boiled  with  SAnia- 


Residue. — Boiled  with  NOoHo.  Diluted  with  OH3,  and 
added  dilute  SO-^IIoj,  and  methylated  spirit.  Filtered. 


Residue. — Boiled  in  ammonic  acetate, 
and  filtered. 


Residue. — Dried  and 
ignited  in  a bulb- 
tube,  with  dry 
CONaoa.  Metallic 
mirror  and  glo- 
bules. Presence 
of  Hs. 


Solution. — Added 
Cr02Ko2,  yel- 
low precipitate. 

Presence  of 
PU. 


Solution. — SII2  ad- 
ded to  a portion 
of  solution  gave  no 
precipitate.  AIi- 

.scncc  of  Ui,  Cu, 
CU. 


Solution. — Acid  u- 
lated  with  dilute 
HCl.  No  yellow 
precipitate.  Al»- 

sence  of  As,  Sli, 
and  Sn. 


Examination  of  Precipitate  produced  in  Group  IV. 


Dissolved jjrecipitate  in  a little  dilute  HCl.  Tested  a portion  of  the  solution 
with  S0.2Cao' — no  precipitate,  even  after  some  time.  Absence  of  ISa  and  Mr. 
Confirmed  presence  of  Ca  by  adding  to  another  portion  of  the  solution  Amllo 
1 r COAmo.  , 1 ... 

\ COAmo  precipitate.  Presence  of  Ca. 
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Preliminary  Examination  for  Acids. 


Experiment. 

Observation. 

Inference. 

Treated  with  dilute  HCl. 

Effervescence.  The  gas 
precipitated  lime-water. 

COo. 

Treated  with  concentrated 
SO.dlo... 

Cl  and  nitrous  fumes. 

HCl  and  NO3H0. 

Confirmed  IICI  by  heating 
substance  with  MnOo, 
and  SO-iHoo. 

Chlorine  evolved. 

HCl. 

Ditto  NO.iilo  by  means  of 
SO3II00  and  SOjFeo". 

A brown  ring  was  formed. 

NO3H0. 

Examination  of  Solution  for  Acids. 


Prepared  solution  by  boiling  some  of  tlie  powder  with  a solution  of 
CONaOa ; filtered  and  acidulated  with — 


HCl. 

NO.4I0. 

rcH,  . 
\COHo 

Neutral  solution. 

Ko  precipitates. 

NO.jAgo,  wliite  curdy 
pp.,  soluble  in 
Amllo.  I’resciicc 
of  HCl. 

No  precipitates. 

No  precipitates. 

Found — Buses  : HgO,  PbO,  CaO,  OAin.i. 
Acids  : CO3,  ITOaKo,  IICI. 
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95 
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93 
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80 
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78 
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Cadmium,  reactions  of  . 

68 
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,,  separation  from 

rubidiuni 

201 

Calamine 

...  .... 

32 

Calcium,  reactions  of  . 

...  •••» 

18 

Calc  spar 

..  •... 

18 

Calomel.... 

...  .... 

100 

PAGE 

Capillary  pyrites  23 
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115,  123 

Chloropal 

35 

Chromates 

....  44 

Chrome  iron  ore 

41 

„•  ^ yellow  ....  _ 

....  98 

Chromic  acid,  reactions  of 

....42,  45 

Chromium,  reactions  of.... 

....  41 

Cinnabar 

58 

Citrates .... 

....  163 

Citric  acid,  reactions  of.... 

....  163 

,,  „ and  tartaric  acid. 

dis- 

tinction  between 

....  163 

Classification  of  the  metals. 

ana- 

lytical 

6 

Clay  ironstone  .... 

....  31. 

Cobalt,  reactions  of 

25 
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pyrites  

24 
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Cyanates  ....  ....  ....  151 
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Erbium,  absorption  bands  of  ....  207 
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Fluor-spar 

Formates 
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155 
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88 

Dark  red  silver  ore 
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99 
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33 
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General  reagents 

2 

Distilled  water  .... 
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Glauberite 

10 

Dithionic  acid  .... 

..  108 

Glauber  salt 

10 
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Glucinum,  reactions  of .... 
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203 

,,  extraction  of.... 
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204 

Gold,  reactions  of  • 
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87 
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Electric  calamine 
Electrotype  process 
Enstatire 
Epsomite 


32 

65 

12 
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Green  copperas  .... 
Greenockite 
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35 
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Group  reagents.... 
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Hair  nickel 
Hausmannite 
Heavy  spar 
Hornblende 
Hornsilver 
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for 
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63 
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120 
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115 
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149 
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83 
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63 
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Lime,  caustic  .... 

PAGE 

18 

,,  chloride  of 

....  119 

„ slaked 

....  18 

„ stone 

....  18 

„ water 

....  233 

Liuionite 

34 

Litharge 

....  97 

Lithia  mica 

....  203 

„ „ reactions  of  .... 

....  202 

Lithium,  e.xtraction  of  .... 

....  202 

M. 


Millerite.... 

PAGE 
..  22 

Mimetesite 

..  78 

Minium  .... 

..  97 

Mispickel 

..34,  78 

Molybdates 

..  225 

Molybdenite 

..  225 

Molybdenum,  compounds  of 

..  225 

„ reactions  of 

..  225 

Mountain  blue,  or  copper  azure  . 

..  63 

Mundic  .... 

..  34 

N. 


Magnesite 

12 

Magnesium,  occurrence  in  nature 

12 

„ reactions  of 

12 

Magnetic  iron  ore 

34 

>,  pyrites  

34 

Malachite 

63 

Mangau  Kiesel .... 

28 

Manganates 

28 

Manganese 

28 

,,  blende 

28 

„ reactions  of  ... . 

29 

Manganic  acid  .... 

30 

Manganite 
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chemistry  on  the  part:  of  the  pupil,  and  does  not  enter  into  any  theoretical  speculations. 
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PRACTICAL  CHEMISTRY,  Including  Analysis. 
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98  Engravings  ....  Fcap  8vo,  6s.  6d. 
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furnish  to  the  beginner  a text-book  of  the  practical  minutia  of  the  laboratory.  The 
various  processes  employed  in  analysis,  or  which  have  been  devised  for  the  illustration 
of  the  principles  of  the  science,  are  explained  in  language  as  simple  as  possible. 
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F.R.S.,  Summarised  and  Edited  by  George  Chaloner,  F.C.S.  With 
47  Engravings  . • • Crown  8vo,  3s.  6d. 

E.  T.  Kensington 

CHEMICAL  COMPOSITION  OF  FOODS,  WATERS, 
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Fcap  8vo,  ss. 


J.  & A.  Churchill’s  Scientific  Works 


V 


C.  M.  Tidy 

A HANDBOOK  OF  MODERN  CHEMISTRY,  Inorganic 
and  Organic.  For  the  Use  of  Students.  By  Charles  Meymott  Tidy, 
M.B.,  F.C.S.,  Professor  of  Chemistry  at  the  London  Hospital.  8vo,  i6s. 

[/.  y.  Kay-Shuttleworth 

FIRST  PRINCIPLES  OF  MODERN  CHEMISTRY. 

By  Sir  U.  J.  Kay-Shuttleworth,  Bart.  Second  Edition. 
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Chemistry  at  the  Royal  College  of  Physicians.  Sixth  Edition. 
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for  the  Isle  of  Wight  and  for  the  Boroughs  of  Derby  and  Ryde. 
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Schools,  South  Kensington.  With  Engravings  . . 8vo,  ys.  6d. 

By  the  same  Authors 

TABLES  FOR  THE  QUALITATIVE  ANALYSIS  OF 
SIMPLE  AND  COMPOUND  SUBSTANCES,  both  in  the  Dry  and  Wet 
Way.  On  indestructible  paper  . . . 8vo,  2s.  6d. 

W.  G.  Valentin 

INTRODUCTION  TO  INORGANIC  CHEMISTRY.  By 

Wm.  G.  Valentin,  F.C.S.,  late  Principal  Demonstrator  of  Practical 
Chemistry  in  the  Royal  School  of  Mines  and  Science  Training  Schools, 
South  Kensington.  Third  Edition.  With  82  Engravings  . 8vo,  6s. 

By  the  same  Author 

CHEMICAL  TABLES  FOR  THE  LECTURE  ROOM  AND 

LABORATORY.  In  live  large  sheets.  . . 5s.  6d. 

A.  II.  Allen 

AN  INTRODUCTION  TO  THE  PRACTICE  OF  COM- 
MERCIAL ORGANIC  ANALYSIS;  a Treatise  on  the  Properties, 
Pro.\imate  Analytical  Examination,  and  Modes  of  Assaying  the  Various 
Organic  Chemicals  and  Products  Employed  in  the  Arts,  Manufactures, 
Medicine,  &c.;  with  Concise  Methods  for  the  detection  and  determination 
of  their  Impurities,  Adulterations,  and  Products  of  Decomposition.  By 
Alfred  H.  Allen,  F.I.C.,  F.C.S.,  Lecturer  on  Chemistry  at  the  School 
of  Medicine  and- the  Wesley  College,  Sheffield. 

Vol.  I. — Cyanogen  Compounds,  Alcohols  and  their  Derivatives,  Phenols, 
Acids,  &c.  .....  8vo,  los.  6d. 

Vol.  II. — Hydrocarbons,  Fixed  Oils  nnd  Fats,  Sugars,  Starch  and  its 
Isomers,  Alkaloids  and  Organic  Bases,  &c.  . 8vo,  15s. 

0 

F.  Sutton 

A SYSTEMATIC  HANDBOOK  OF  VOLUMETRIC  ANA- 
LYSIS ; or,  the  Quantitative  Estimation  of  Chemical  Substances  by 
Measure,  applied  to  Liquids,  Solids,  and  Gases.  Adapted  to  the  require- 
ments of  Pure  Chemical  Research,  Pathological  Chemistry,  Pharmacy, 
Metallurgy,  Manufacturing  Chemistry,  Photography,  &c.,  and  for  the 
V.aluation  of  Substances  used  in  Commerce,  Agriculture,  and  the  Arts.  By 
Francis  Sutton,  F.C.S.,  F.I.C.,  Public  Analyst  for  the  County  of 
Norfolk.  Fourth  Edition,  with  83  Engravings  . . 8vo,  i6s. 
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R.  V Tuson 

COOLEY’S  CYCLOPEDIA  OF  PRACTICAL 
RECEIPTS,  AND  COLLATERAL  INFORMATION  IN  THE  ARTS, 
MANUFACTURES,  PROFESSIONS,  AND  TRADES  : Including 
Medicine,  Pharmacy,  Hygiiine  and  Domestic  Economy.  Designed  as  a 
Comprehensive  Supplement  to  the  Pharmacopoeias  and  General  Book  of 
Reference  for  the  Manufacturer,  Tradesman,  Amateur,  and  Heads  of 
Families.  Sixth  Edition,  Revised  and  Rewritten  by  Professor  Richard 
V.  Tuson,  F.I.C,  F.C.S.,  assisted  by  several  Scientific  Contributors. 
With  many  Engravings.  2 Vols.,  1,800  pp.  . . 8vo,  42s. 

Tlie  new  edition,  exceeds  the  last  by  some  400  pages,  and  contains  a greatly  increased 
number  of  receipts  culled  from  the  most  reliable  English  and  foreign  journals  ; numerous 
Articles  on  Applied  Chemistry,  Pharmacy,  Hygiene,  Human,  and  Veterinary  Medicine, 
&c.,  are  also  added ; many  of  the  old  articles  have  been  extended  ; and,  where 
desirable,  the  text  is  iUuatrated  by  woodcuts. 

y.  F,  Royle  and  y.  Harley 

ROYLE’S  MANUAL  OF  MATERIA  MEDICA  AND 
THERAPEUTICS.  Sixth  Edition.  By  John  PIarley,  M.D.,  F.R.C.P. 
With  139  Engravings.  . . . Crown  8vo,  15  s. 

‘ ‘ This  Manual  is,  to  our  minds,  unrivalled  and  completeness  of  information.” — British 
in  any  language  for  condensation,  accuracy.  Medical  yournal, 
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C.  D.  F.  Phillips 

MATERIA  MEDICA  AND  THERAPEUTICS:  By  Charles 

D.  F.  Phillips,  M.D. 

Vol.  I. — Vegetable  Kingdom  . . 8vo,  15s. 

Vol.  II. — Inorganic  Substances  . . 8vo,  21s. 

“ It  is  the  great  distinction  of  this  book  that  an  amount  of  space  is  given  in  it  to  care- 
ful discussion  of  the  physiological  and  the  therapeutical  actions  of  drugs  greater  than  has 
been  given  in  any  previous  English  text-book  of  Materia  Medica.  ” — Practitmier. 
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C,  Bmz 

THE  ELEMENTS  OF  THERAPEUTICS.  A Clinical  Guide 

to  the  Action  of  Drugs.  By  C.  Binz,  M.D.,  Professor  of  Pharmacology  in 
the  University  of  Bonn.  Translated  and  Edited  with  Additions,  in 
Conformity  with  the  British  and  American  Pharmacopoeias,  by  Edward 
I.  Sparks,  F.R.C.P.,  M.A.,  M.B.  Oxon.,  formerly  Radcliffe  Travelling 
Fellow  .....  Crown  8vo,  8s.  6d. 

*„*  Practically,  this  translation  represents  a new  edition,  a considerable  amount  of 
new  matter  which  did  not  appear  in  the  fifth  German  edition  having  been  added  by 
Professor  Binz,  and  a number  of  eiTors  which  occurred  in  the  latter  having  been  corrected. 
Nearly  the  whole  of  the  proof  sheets  have  been  read  and  revised  by  Prolessor  Binz. 

y.  C.  Thorowgood 

THE  STUDENT’S  GUIDE  TO  MATERIA  MEDICA  AND 

THERAPEUTICS,  in  accordance  with  the  British  Pharmacopoeia.  By 
John  C.  Thorowgood,  M.D.  Lond.,  h'.R.C.P.,  Lecturer  on  Materia  Medica 
at  the  Middlesex  Hospital.  Second  Edition,  with  Engravings.  Fcap.  8vo,  7s. 
“ Students  can  hardly  hope  for  a more  serviceable  text-book.” — Practitioner. 
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Siilld  and  Maisch 

THE  NATIONAL  DISPENSATORY ; containing  the  Natural 

History,  Chemistry,  Pharmacy,  Actions  and  Uses  of  Medicines,  including 
those  recog[nised  in  the  Pharmacopoeias  of  the  United  States  and  Great 
Britain  and  Germany,  with  numerous  references  to  the  French  Codex.  By 
Alfred  Stillei  M.D.,  LL.D.,  Professor  of  the  Theory  and  Practice  of 
Medicine  in  the  University  of  Pennsylvania ; and  John  M.  Maisch,  Ph.D., 
Professor  of  Materia  Medica  and  Botany  in  the  Philadelphia  College  of 
Pharmacy.  Second  Edition,  with  239  Engravings.  1,680  pp.  . 8vo,  34s, 

y.  Stocken 

ELEMENTS  OF  DENTAL  MATERIA  MEDICA  AND 
THERAPEUTICS,  WITH  PHARMACOPCEIA.  By  James  Stocken, 
L.U.S.R.C.S.,  late  Lecturer  on  Dental  Materia  Medica  and  Therapeutics, 
and  Dental  Surgeon  to  the  National  Dental  Hospital.  Third  Edition, 

Fcap.  8vo.  I 71  the  Press. 


I.  Owen 

TABLES  OF  MATERIA  MEDICA ; comprising  the  Contents, 
Doses,  Proportional  Composition,  and  Methods  of  Manufacture  of  the 
various  Pharmacopoeial  Preparations,  arranged  to  facilitate  acquirement. 
By  ISAMBARD  Owen,  M.A.,  M.R.C.P.,  Lecturer  on  Materia  Medica  to 
St.  George’s  Hospital.  Sixth  Edition  . . Crown  8vo.  In  the  Press. 
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A.  Wahltuch 

A DICTIONARY  OF  MATERIA  MEDICA  AND  THERA- 
PEUTICS. By  Adolphe  Wahltuch,  M.D.  . . 8vo,  los.  6d. 

***  The  purpose  of  this  work  is  to  give  a tabular  arrangement  of  all  drugs  specified  in 
the  British  Pharmacopceia  of  1867.  Every  table  is  divided  into  six  parts  (i)  T^e 
Name  and  Synonyms  ; (2)  Character  and  Properties  or  Composition  ; (3)  Physiolo^cal 
Effects  and  Therapeutics;  (4)  Form  and  Doses;  (S)  Preparations ; (6)  Prescripdio/ts. 
Other  matter  elucidatory  of  the  Pharmacopoeia  is  added  to  the  work. 

“ A very  handy  book,” — lancet. 

THE  PRESCRIBER’S  PHARMACOPCEIA  : The  Medicines 

arranged  in  Classes  according  to  their  Action,  with  their  Composition 
and  Doses.  By  A Practising  Physician.  Fifth  Edition. 

Fcap  32mo,  cloth,  2s.  6d.;  roan,  with  flap  and  elastic  band,  3s.  6d, 

B.  S.  Proctor 

lectures  on  practical  pharmacy. 

By  Barnard  S.  Proctor,  Lecturer  on  Pharmacy  at  the  College  of  Medi- 
cine, Newcastle-on-Tync.  With  43  Engravings  and  32  Plates,  containing 
Fac-Simile  Prescriptions  8vo,  12s. 
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J.  Mayne 

THERAPEUTICAL  REMEMBRANCER;  presenting  in  detail 
all  Medicaments  accredited  by  the  British  Pharmacopoeia,  with  copious 
Supplementary  Tables,  and  interleaved  for  Notanda.  By  JOHN  Mayne, 
M.D.,  L.R.C.S.E.  Second  Edition l6mo,  3s.  6d. 

By  the  same  Author 

NOTES  ON  POISONS.  Mounted  and  Varnished. 

18  in.  by  12  in.,  is.  6d. 

J.  B,  Smith 

PHARMACEUTICAL  GUIDE  TO  THE  FIRST  AND 
SECOND  EXAMINATIONS.  By  JOHN  Barker  Smith.  Second 
Edition  .........  Crown  8vo,  6s.  6d. 

first  and  second  examinations 

Latin  Grammar — Fractions  — Metric  System  — Materia  Medica  — Botany 
— Pharmacy— Chemistry — Prescriptions. 

J.  Steggall 

FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS 

preparing  for  Examination  at  the  Pharmaceutical  Society.  By  JOHN 
Steggall,  M.D.  Third  Edition i8mo,  3s.  6d. 

P.  Squire 

COMPANION  TO  THE  BRITISH  PHARMACOPCEIA 

(latest  Edition),  comparing  the  strength  of  its  various  preparations  with 
those  of  the  United  States,  and  other  Foreign  Pharmacopoeias,  to  which 
are  added  Non-official  Preparations,  and  Practical  Hints  on  Prescribing; 
also  a Tabular  Arrangement  of  Materia  Medica  for  Students,  an  Appendix 
containing  Articles  employed  in  Chemical  Testing,  and  Analyses  of  the 
Principal  Spas  of  Europe.  By  Peter  Squire,  F.L.S.,  formerly  President 
of  the  Pharmaceutical  Society,  assisted  by  his  Sons  P.  W.  Squire  and  A.  H. 
Squire.  Thirteenth  Edition 8vo,  los.  6d. 

By  the  same  Author 

PHARMACOPCEIAS  OF  THE  LONDON  HOSPITALS 

Fourth  Edition. Fcap  8vo,  6s. 

*,*  Mr.  Squire  has  collected  all  the  Formulae  used  in  twenty-five  of  the  principal 
Hospitals  of  London,  and  arranged  them  in  groups  for  comparison.  These  Formulee 
were  revised  and  approved  by  the  medical  staff  of  each  of  the  Hospitals,  and  may 
therefore  be  taken  as  an  excellent  guide  to  the  medical  practitioner,  both  as  to  dose  and 
best  menstruum  in  prescribing.  The  Diet  Tables  of  the  various  Hospitals  are  also 
included. 

W.  Stowe 

A TOXICOLOGICAL  CHART,  Exhibiting  at  one  view  the 

Symptoms,  Treatment,  and  Mode  of  Detecting  the  Various  Poisons, 
Mineral,  Vegetable,  and  Animal.  To  which  are  added  concise  Directions 
for  the  Treatment  of  Suspended  Animation.  By  William  Stowe, 
M.R.C.S.E.  Thirteenth  Edition  . . . . Sheet,  2s. ; Roller,  5s. 
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A.  S.  Taylor 

POISONS  IN  RELATION  TO  MEDICAL  JURIS- 
PRUDENCE AND  MEDICINE.  By  Alfred  S.  Taylor,  M.D.,  F.R.S., 
late  Professor  of  Medical  Jurisprudence  to  Guy’s  Hospital.  Third  Edition, 
with  104  Engravings Crown  8vo,  16s. 


H.  Beasley 

THE  POCKET  FORMULARY  AND  SYNOPSIS 
OF  THE  BRITISH  AND  FOREIGN  PHARMACOPtEIAS  : Compris- 
ing Standard  and  approved  Formula  for  the  Preparations  and  Compounds 
employed  in  Medical  Practice.  By  Henry  Beasley.  Tenth  Edition. 

i8mo,  6s.  6d. 


By  the  same  Author 

THE  DRUGGIST’S  GENERAL  RECEIPT-BOOK: 

Comprising  a Copious  Veterinary  Formulary,  Numerous  Recipes  in 
Patent  and  Proprietary  Medicines,  Druggists’  Nostrums,  &c. ; Perfumery, 
and  Cosmetics ; Beverages,  Dietetic  Articles  and  Condiments ; Trade 
Chemicals  ; Scicntilic  Processes  ; and  an  Appendix  of  Useful  Tables. 
Eighth  Edition i8mo,  6s.  6d. 


Also 

THE  BOOK  OF  PRESCRIPTIONS  : Containing  3,107  Pre- 
scriptions collected  from  the  Practice  of  the  most  eminent  Physicians  and 
Surgeons,  English  and  Foreign.  With  an  Index  of  Diseases  and  Remedies. 
Fifth  Edition i8mo,  6s.  6d. 

“Mr.  Beasley’s  ‘Pocket  Formulary,’  reference  admirably  suited  for  the  dispens- 
‘ Druggist’s  Receipt-Book,’  and  ‘ Book  of  ing  desk.” — Chemist  and  Druggist, 
Prescriptions’  form  a compact  library  of 

G.  C.  Wittstein 

PRACTICAL  PHARMACEUTICAL  CHEMISTRY:  An 

Explanation  of  Chemical  and  Pharmaceutical  Processes  ; with  the  Methods 
of  Testing  the  Purity  of  the  Preparations,  deduced  from  Original  Experi- 
ments. By  Dr.  G.  C.  WiTTSTElN.  Translated  from  the  Second  German 
Edition  by  Stephen  Darby i8mo,  6s. 

“It  would  be  impossible  too  strongly  to  recommend  this  work  to  the  beginner,  for  the 
completeness  of  its  explanations,  by  following  which  he  will  become  well  grounded 
in  practical  chemistry.” — From  the  Introduction  by  Dr.  Buchner. 

0 

THE  PHARMACEUTICAL  JOURNAL  AND  TRANSAC- 

TIONS. Published  weekly.  Price  4d.  Annual  subscription,  post  free,  20s. 

0 


THE  YEAR-BOOK  OF  PHARMACY:  Containing  the 
Proceedings  at  the  Yearly  Meeting  of  the  British  Pharmaceutical  Con- 
ference, and  a Report  on  the  Progress  of  Pharmacy,  which  includes  notices 
of  all  Pharmaceutical  Papers,  new  Processes,  Preparations,  and  Formuke 
published  throughout  the  world.  Published  annually  in  December. 

8vo,  1873,  '74?  ’75)  ’76,  ’77)  ’78,  ’79>  ’80,  ’81— los.  each  volume. 
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/?.  P.  Tuson 

A FHARMACOPCEIA,  INCLUDING  THE  OUTLINES  OF 
MATERIA  MEDICA  AND  THERAPEUTICS,  for  the  Use  of  Prac- 
titioners and  Students  of  Veterinary  Medicine.  By  Richard  V.  TusON, 
F.C.S.,  Professor  of  Chemistry,  Materia  Medica  and  Toxicology  at 
the  Royal  Veterinary  College.  Third  Edition  . . Post  8vo,  7s.  6d. 

“ Not  only  practitioners  and  students  of  want  in  veterinary  literature.” — Chemist 
veterinary  medicine,  but  chemists  and  and  Druggist. 
druggists  will  find  that  this  book  supplies  a 

0 

R.  Bentley 

A MANUAL  OF  BOTANY : Including  the  Structure,  Func- 
tions, Classifications,  Properties,  and  uses  of  Plants.  By  ROBERT 
Bentley,  F.L.S.,  Professor  of  Botany,  King’s  College,  and  to  the 
Pharmaceutical  Society.  Fourth  Edition,  with  1,185  Engravings. 

Crown  8vo,  15s. 

“As  the  standard  manual  of  botany  its  position  is  undisputed.” — Chemist  and 
Druggist. 

R.  Bentley  and  H.  Trimen 

MEDICINAL  PLANTS : being  Descriptions  with  Original 
Figures  of  the  Principal  Plants  employed  in  Medicine,  and  an  Account 
of  their  Properties  and  Uses.  By  Robert  BentleV,  F.L.S.,  Professor 
of  Botany  in  King’s  College,  and  to  the  Pharmaceutical  Society ; and 
Henry  Trimen,  M.B.,  F.L.S.,  Lecturer  on  Botany  in  St.  Mary’s 
Hospital  Medical  School.  In  4 Vols.,  large  8vo,  with  306  Coloured  Plates 
bound  in  half  morocco,  gilt  edges,  ;^ii  iis. 
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JV.  B.  Carpenter 

THE  MICROSCOPE  AND  ITS  REVELATIONS.  By 
W.  B.  Carpenter,  C.B.,  M.D.,  F.R.S.  Sixth  Edition,  with  26  Plates, 
502  Wood  Engravings,  and  a Coloured  Frontispiece  . Crown  8vo.,  i6s. 

*,*  The  author  has  aimed  to  combine  within  a moderate  compass  that  information  in 
regard  to  the  use  of  his  instrument  and  its  appliances,  which  is  most  essential  to  the 
working  microscopist,  with  such  an  account  of  the  objects  best  fitted  for  his  study  as  may 
qualify  him  to  comprehend  what  he  observes,  and  thus  prepare  him  to  benefit  science, 
whilst  expanding  and  refreshing  his  own  mind. 
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J.  H.  Martin 

A MANUAL  OF  MICROSCOPIC  MOUNTING;  with  Notes 

on  the  Collection  and  Examination  of  Objects.  By  John  H.  Martin, 
Member  of  the  Society  of  Public  Analysts,  author  of  “ Microscopic  Objects.” 
Second  Edition.  With  150  Engravings  ....  8vo,  7s.  6d. 

***  The  aim  of  this  work  is  to  supply  the  student  with  a concise  manual  of  the  prin- 
ciples. of  microscopic  mounting,  and  to  assist  his  progress  in  the  manual  dexterity,  as  far 
as  illustrations  and  words  render  it  possible,  necessary  in  their  application. 
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Marsh 

SECTION  CUTTING ; a Practical  Guide  to  the  Preparation 

and  Mounting  of  Sections  for  the  Microscope,  special  prominence  being 
given  to  the  subject  of  Animal  Sections.  By  Dr.  Sylvester  Marsh. 
Second  Edition,  with  17  Engravings  ....  Fcap.  8vo,  3s.  6d. 


THE  QUARTERLY  JOURNAL  OF  MICROSCOPICAL 
SCIENCE.  (Established  in  1852.)  Edited  by  E.  Ray  Lankester,  M.A., 
F.R.S.,  F.L.S.,  Professor  of  Zoology  and  Comparative  Anatomy  in  Univer- 
sity College,  London  ; with  the  co-operation  of  F.  M.  BALFOUR,  M.A., 
F.R.S.,  F.LS.,  W.  T.  Thiselton  Dyer,  M.A.,  F.R.S.,  F.L.S.,  and 
E.  Klein,  M.D.,  F.R.S. 

Annual  Subscription,  30s. ; Single  Numbers,  7s.  6d. 

***  Most  of  the  Memoirs  are  illustrated  by  Woodcuts  and  Lithographic  Plates,  many 
being  Coloured.  The  Journal  contains,  in  addition,  Notes  and  Memoranda,  Reviews  of 
Books,  Quarterly  Chronicle,  and  Proceedings  of  Societies. 


yi.  Chauveau  and  G.  Fleming 

CHAUVEAU’S  COMPARATIVE  ANATOMY  OF  THE 

DOMESTICATED  ANIMALS.  Translated  from  the  Second  French 
Edition,  and  Edited  by  George  Fleming,  F.R.G.S.,  Veterinary  Surgeon, 
Royal  Engineers  ; Author  of  “Travels  on  Horseback  in  Mantchu  Tartary,” 
“ Horse-shoes  and  Horse-shoeing,”  “ Animal  Plagues,”  etc.  With  450 
Engravings  .....  8vo,  31s.  6d. 

“ Mr.  Fleming  has  earned  the  gratitude  of  the  whole  of  his  profession  by  presenting  to 
the  veterinary  burgeon  and  student,  in  an  English  dress,  one  of  the  best  and  most  com- 
prehensive of  Continental  text-books,  enriched  with  additions  which  prove  him  to  have 
been  a conscientious  student  of  the  best  writers  on  the  Comparative  Anatoiny  of  the 
Mammalia.  . . We  have  nothing  but  praise  to  bestow  on  the  manner  in  which 

Mr.  Fleming  has  performed  his  work.”’ — Medico- Chirurgical  Review. 


J.  Fayrer 

THE  THANATOPHIDIA  OF  INDIA;  being  a Description 
of  the  Venomous  Snakes  of  the  Indian  Peninsula.  With  an  Account  of 
the  Influence  of  their  Poison  on  Life,  and  a Series  of  Experiments.  By 
Sir  J.  Fayrer,  K.C.S.L,  LL  D.,  M.D.,  F.R.S.,  Physician  to  the  Secretary 
of  State  for  India  in  Council ; late  President  of  the  Asiatic  Society  of 
Bengal.  Second  Edition,  with  31  Plates  (28  Coloured)  . Folio,  7/.  7s 

By  the  same  Author 

THE  ROYAL  TIGER  OF  BENGAL:  His  Life  and  Death. 

With  Map  and  Engravings  . Crown  8vo,  55. 
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7.  Ewart 

THE  POISONOUS  SNAKES  OF  INDIA.  Compiled  by 

Joseph  Ewart,  M.D.,  F.R.C.P.,  Surgeon-Major  in  the  Bengal  Army, 
President  of  the  Snake  Poison  Commission.  With  21  Plates  (19  being 
Coloured) Crown  410, 31s.  6d. 
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J.  R.  Greene 

TABLES  OF  ZOOLOGY : indicating  the  Tribes,  Sub-Orders, 

Orders,  and  Higher  Groups  of  the  Animal  Kingdom,  for  Students,  Lec- 
turers, and  others.  By  J.  Reay  Greene,  M.D.,  late  Professor  of  Natural 
History  in  the  Queen’s  University  in  Ireland.  Three  large  sheets,  5s. 
the  set;  or,  mounted  on  canvas,  with  roller  and  varnished  . . 12s.  6d. 

*,*  These  Tables  have  been  carefully  prepared  in  accordance  with  the  present  state  of 
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